Ao A«Ji*ll AjJizilj ^ jIaJU J^P tillil AuJ»o 


jjul J jjul J dJjU 


2b>iU]l 2G120JI 

2u.aLnJt *U 5 j.f-yh\\ Alikui 1 4 dUJjia 




A^Q .JjlJ. I ^ A^^c-O I 1 1 L . - -^ A»L^»*<A«^<*j 




11 

13 

15 

16 

18 

20 

24 

25 

26 

30 

35 

36 

37 

39 

41 

42 


u-)l J 


J_ 

^jliU <LoJJLa 

fUjbNl liUJ 

? i jub i 'jj ji j* 

t. 4 j S ^jLJ| j-& La 

^LaJl 4ja^»-*>L^ 

*U^I SJL**a 

y* iwi-L^>c-a ( (\¥ 

j_>LJl cjL>a>o ^y 3 -*-* 

4j^jLJ| 4j ULJl (■{ jj j^alSsJl L5 «uLu*i/l j*-L*Jl 

oUj^sa^i 




jjjj 


_ l 


_ 2 


_ 3 


. . . 

t£j>-\ il y> 


5 


44 

47 

49 

50 

52 

53 

55 

55 

57 

58 

58 

59 

59 

60 

61 

62 

63 

64 

65 

68 

69 

70 

74 

75 






(*jl 

. . A^>j jlSoVlj di-olSwiJl 

Olj j-v2-Jl 

jJbJl olj^l 

aj^jI»J| t ^ *^1 I olj^l 

oLjy oj_^j>-! 

AliLia^Jl 

I 



Aj^jUJI ^wJl olj.il 

^ y>~\ iy^ ly^>-\ 

^ jJLlI ^JuJl ^3 AplJaJl 

^vJ^LiJl ^-LaJL AjjjUJl ApLJaJl 

4-o j 4^3 Jj>cJIj AP LlaJl 

ajjjLJI ol ^SCJl AP-LJaJl 

^ 1 ^.. - - ^ 1 

^j|*IJl 

^ ^ pi j j-l»J ' A_s«^»o 

0 1 

f-LJl ol^Jj ^ jjLJI j-^1 

j_) 1^1 1 I ^ ^3 — Jj-l»w%Jl y J-V^J c2«^!j*il 

. . 0wXpL»«v>^j ^j_>IjJI ^..*,x>., ■>/?,",! 1 


_4 


6 


79 

80 

81 

83 

84 

85 

94 

95 

96 

97 

97 

101 

103 

105 

106 

108 

110 

111 

112 

115 

116 

118 

120 

124 


j £- Jl «JI : iota j J?Ia! _ 5 

SlSJi!l Si j^Jl 

' 

^AiljLoJl 

. . I LfL ^iUaJl isLiJl 

CjIj 

iajlJtoJl 


oUjj 

j>~\ o~jA CjUjj 





4^S*jJl il _ 6 

ills ^Jl 



J-^ 1 

oljji>c^ 

cjLS" ^ oJlj aj^jUI 



*JuJl 


OLwvJ>S^Jl 

A^^wJgJl 4j jjbJl 

L.wnh^C^-1 I 

4_> olL>^Jl 

<& j ^scj^/i 


_7 


7 


127 

128 

130 

133 

134 

135 

137 

138 

141 

142 

147 

149 

150 

152 

153 

154 

155 

157 

159 

177 

178 

179 


a. *. UaJ I olfi-Jadl 8 




wbjjjJl 

A^SwsLjjJl 4-0 y ygJl 4j>cJl*-oJ| 

4-JoJj> cJl ol5 

4l)J OLo^i-oJl 

CjLw -j j 4-w*>w\Jwk 

. oLwaJJl ! L*>UJl ^1 p XI> o y*/? ]aA*S) 

objj jz£iy\j cj\jj^oJ\ _ 9 

oLo 4 yjA\ iilW 

< r- y +./2 ) 1 

4 j-s<aJl Jij 

4jLoOtl*>j|j <r y^2 Jl ^-SC>cJl 

Olljj 

4jjoll)l 0 jjj5Cll *-oUI 

AjjJaJl 4-JoJ^>cJl CjIIjj 

/Ijlil 

^}&\ jJaJlj oLlj-Jl 

oULJl 

ij^UI — 10 

?iJUl ^pU! oj jiil : i^ldl SjlfcJlj j jU^jNl 

^Jl JUpSII 


8 


182 

183 

188 

191 

192 

197 

203 

207 

221 

224 

227 

229 


AjjjLJI AjLaiIIj I. Aj cJl Aj LfllJ \j C 4^JwLa1oJ| 

wL^_*^a 

<y> <_ $J>-\ o ^ jj - 5 

— 11 

0^1 * AjjjLJI AjLiJl 

AjLiJl j \J l> jlhsJi] '. jjUIj 

4_> jjbJl 4 j U ixD o ^j/a « > ! (I) j^s,L*JI 


L ^jjjd\ cuJJl 

sjI UJ-k./2-Jl d»-J 

j-P ! ob>r lla./3-o.ll 






9 




*Lt^-ul CiLuuflUi 1 Altaic 

H » H -V «* « 

^jjti\ (JjjO&aU 4l)t JLlC. dlioJl SjJLuj 


0I3 O^Lfc-a ^ LajIauI {£ j*T ^ ^A-w*^Lw*Jl oJ»gJ ^w\Jl l)I u--»Jaj 

j-ojJJ L-w-L-1 LS" y>^a A_9 A_^3 ^3 ^_*Jl ^£jLaJJ A_j jJjl 

dLLJl O-La dr° L) jI-*-^-1Lj ^-L^vwL-vJl o2_a j, Lj j c ^ 3 1 yg * ,9 \ 

3J-P <u-Uj jU^I ^3 ^JLj *" *Lo j-*-^ a*jJLJ!j ^ ^ 1 * 1 ) wUp 

! t P 4»o j^Jl A*_UL l.5^^ oL«3 CjL>jL-w%J1 ^jA 


_a 1428 ^j^LjjJl ^3 jJL*_l^_)I ^*Jl a_o-aJI ^oJjp>J oLwJl 

0->e-Jl a_*J ^a o j_SLj L)ij j^Jl a_*_UL> ^Lo-ia^I ojj j-*/ 5 w\_S" jj_> ^jJI ^2007 

^3 A^j ^ pJl A^lJl j yJoj>- uPjJ>-j) ! ^i_) La ^1_P ^/2 j (*L-U>- CJ^Lol^Jl J ^o-LxJl 

.(La ^pj c*u ^)/Ij t ^^Lp^/I j i jLv^j'yi JuL-aj L>u t^oLdl £^o->- 


I A-O A^j j^Jl aSLLo^oJI ^3 WA-jJLJlj ^ j-L*JJ A-jJp jJl <Lw*>Lww*J|® ! Lull 

t^jLxJl^ (_j^ ^-w2 C oLjl . ^^A A^»>c— > I | A^JLj o jjt+S* (^£*\s *- 1 ^LoJLpI L^_lP ^!^ul 
A^JjJj t Aj ^ u>eJl A^JLJIj C (jjLJI) A^aLj^oJI C->LjJLJ|j l oLuLw<x^S"j^J|j 

t (1)1 pLya-tfJ lj c CjLu j_vsJij oN l ■>/?, 7^/ ' j oLuj c oLa j_L*_oJl 

.AJuJlj C A>3 JjLLoJI 3l j-oJlj t AiUaJlj 


^3 e-L>- La L/LJ ( J-*-Aj wL^P diLJl Oj^Lwa ! liJll 

aI^I ^1 ciJ^J cCUJyL:)/l ^3 oJJl S lj\ Jjjl 

'jj y*. Jl wL^P dLlu>Jl AJuwLa LaJ^Lu I ^ jLL><J ' ^jA 3wLP 


oJwA .L^j>- jU >- j a^LL<woJI ^Jj>-l3 4jLLi>c-a oLp- ^a ojLpjJL a-j^a^JI j ^ jJ-*JJ 

^lp 4 Ju>-IjI j (J^^ 1 (S A^oJ jj J^L*Ju La 
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L<>wd c a_*_o_L*J 1 a_v£?L>o j c AaLgJl ^cSDl A>_>- jjo j^L*c> La L^ca j <. cj j-^y 1 aSAc< 
A_*_Ul ^Jl ^ CjL*JJ 1 ^j-a AoJ>- jjJL; ^o-L*Jl jJL>c^oJl *1 jjj ^_Lp J_pLwm_) 

.J^Jla £jL ^ ^*Jl (^jLiJl -Aj J^J 3wL^j Ao ^*Jl 

4-w*»LwwvJl^ L^J^w\j>- ^xJl cjLccJI J5 ^3 ^__c5" A>*}L> ^1 p AL^L^Jl ^J^ccJ 
LwoJLp L*j >- jji (Jj^M l )^SL> d— ^> e_i <»^jl5sJI cj j-Cj*-Ij .((-cjJcJIj ^ j_L*JJ A-d? jJl 
lgj>- jj> L« Ip LIcS" cJLiJlj l l^*~aL>- LlxS" ^jLJl (jj^AiJ c acJcJ I dliJ ^3 Ijj ^*-a 

^ C A— ^Lp^ • ^ S* I jl -L?-l j >LlS" dU-S ^Jg-*-) w\_ij c 1 A-aLp 

LlxS" j Aj*Aj ap ^_ oj>^a La ^1 p Aa j_AioJ I j A-^>c-Jl ^U a»^I cj LccJl i*_*cS” AL^Aa> 

SwLwcoJl ACJcJl j A^o-LJl Cj L>Jl J ava^JJ 3 ^3L*gJ ^-jL 5" ^g^sj*- L*5” c Loj>- jla 

. glL?.^-JJ ALJl~Jl oAa ^3 

Cj L^_»a I > LcSC_J I L)j_ SA> (jl L^-La j^jL*_a J^3j <— C-S\Jl C-lJLo 1 t^£jJ>- JjlJ J 

^Lp j_*_j jwLv^ JL3 aJIj c Lw^JLp ^..^.1 wL^-Co (. acJcJI clLIJ ^3 ^cSAJl 

(1) jl j c o3j J j>cj Ai3 ^JjLLu C— j> 5_> ^j?Lygjj>-^ 1 J^-wg (1 )j^sj *y jl j c 2000 

^jp Aoj>- ^C a o-wm-Jj v >1x521 L^_> i. All ^Jl aAJJL A> jj^SAa L^xp ^j>- <^J 1 a>c^cJ1 

^3 (>^4>j LoLwJgJ LL-P 4 _>c_£jj ^>llSA!l ^j-v^ ^*a L)j-^> (1)1 1 j^~\j t ^ j->-1 4-*-J 

(J^L>- ^j-a Aj^LvfiCs'yi A-w<CcJl <C-Lo-P ^3 ^LsOj tjLSCo'yij A-JwAjJl ^JjL 

.^j^Jl ^3 j^-oJl ^>c^>Jl o^Lj 


Ap j^oJ>c^oJl ajj& JJ Jl^?-j OwL-^^*« AC-AJlj ^ jl*JJ ^jJ^Jl wCp dlLJl AowLa (jl 

L^jJAj ^^1 3 j_^_>cJl j^-Lp Aoj>- ^cU Ao j_«Jl ‘LoJicaJl j_SLcl d)l 3jlj tc_-c5sJl ^y> 

^Ipj (. ^1 j^~y\j ji ^>cJlj A*j>- 1 ^oJlj A»j>~ ^ ill ^3 AJL*Jl o 3 j->*Jl (< _^A>cJ 

a_c>c_U 1 j^Lcl Lo-5" <. jL>t_j^/l ap c 1 jCx>-U L^_jLAl>1 

‘LoLj-Lo^l 1 ^3 1 »AjL>o1 j^^^-Lp «^_3 1 ^,)|| L$j .Jg.^ > 1 < 'P ^-oJ>c-o-L] A^oJ-*Jl 

0 j^Lwa wU-Cj 1) JJ 0 L 0 AJl A-JwCJl J ^ jl*JJ J^Jl -LP dLLJl AjwLa ^3 ^j1)La j 

. 1 (j 4_Ul wLp aJ-LoJ1 


—A 1431 /3 /20 ^L^JI 

acJcJI j ^ ^LJJ j^p aALJI iuJjj (j-^j 
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aJULJIj ^_L*JJ 4_L«l5sJl o j£ji]\ ^1_p dip*)U^I jj* l 
^JJ l d> L~* j ULqJ 1 L^*_g3j o^Ul l)L<w2j ^jj^LUl ^sj^jlxJl 

^_1 _*J| ^_L?LaJ wU-P y ^jLJl ^JL> . ^JL>J_>cJl ^JuJl ^1 t oJdP <L^wJaJl 

. \. £.*.*.£.} SL>JJ Aj jjt> y>^\ dljj j^vJlj ^a ciLol5w>Jl £-a ^j^oL^oJl <dwU^Jlj 

yj j&J jjLJI ^t-L*JL> Id yjKA L$j 4*JlS \ Jl ^ip AjjjLJI Ajldll y jJaXjj 

I j^-*z LlLo-p j LjLsj>- jpl jJ? j^aJ v 3 ^Jl olj-^_>cjJlj d'^'yi 3 1 j^oJl 


L)Ljj_jIjJI 4_i U jJ I j ^»_L*Jl 
t^>ljL^J| |j_A ^*a Jda-flJlj jLi^lj 


JJaJ 




jLo-p^lj ^_L*Jl J jJL>- 
.U_^_J-S' j*-$j ^j-Lp 

^_)^P 1 j -4 ^ a d>Lplww*J dw w*< J_>c_) id di-1- 

. ^-0 ^_L>c_)| ^*» ^Jl (j y> ^j-a o 4_L>-J £-ldl AJe-l ^3 i*li_XSs~o-> j\ C Ajf-1 j_9 

Lo->j cj^o^jbJl aJIJLJI j ^»L*_L) J-dJl aJ ^->* 31 o*L^_> '^Lta f-Lol £dd~J L)1 ^J-aL>j 

.LoLj>-j ^ild ya A*_Lp L jJgJ-j 

t ^ j_-_SD 1 aJ LdJl j ^_l_*Jl o ^liJl j Jj^l ^j-wLs^-iJ I Ld*»^-S" 

^-I_*-U ^_>l jJlj i^LJLJl ^3 Lw? j^j .o^-p - ! jJl Lo-^-sUlj L^-oaj ja jJj 

^ ^-L^- zjlj dd 5” l^l LowAj^L>c_} c 4 _>^_j1jJI aJ L dJ I ^-jl) 

i y2-*-> ^ 4-*-^<l J Aaj 4j^j>- ^waL>cJl ^J-v^jjJl JJdjJ . d^jwLoJl dL^L>JJ 

(J J-s^2jiJ| Lai .4_>^J>c-oJl dljL^Jl ^j-a dyg-yg^dll d^ U>e^Jl 

^JuJl L^3 yZ jZj d^gj>Lj d^ L>c^oJ ^yp^jAsZ ^ 5 LxSLJ 1 j& y>- ^|5dd ^-^LJl 

dLl^Jl j dS'jJl ^1 j_oJl Lp ^J-ddJ La ^3 J-ddJ j <. oLjjLJI aJIJLJIj 
jJzs* ^3L>Jl j ^dL*Jl ^j^-LvsjsJl ^3 ^ji3LJj . dLj.^Jlj dLoj jJlSLJ^/Ij 4_>j-^>cJ 1 
t. ^Ix^Jl oj .^d^>c-<>Jl 3 I jiL L^j3t>Lpj tJLo^-'yi cJL>c>5 4_>jjLJI aJ L dJi dLi^JaJ 
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aJULxJI jJ>-l ol* j^Lyfl-oJ <U>jlJL> 

4jLa)JI o L> c-i.l?. ya ,.oJ j*3 c^-J j AiLy^l (. j_j UJ I L> ^p Ij j^_p 

^lp ^.3 jl t 4_> ^jbJl 4jUcJl 4_Jl3 LwO ^3 c_^_P C^JwS" l^lj . 4 _^s.L^a. ^ I 4_) j_jLJ| 

.www.nanotechbook.com ojLj t I^xp j^U^Jl y* x^y* 

^jJl jj_yg Jl ^-Lpj c jLSol ^^-Lp j£xx> 

cHr^rr^J Cr^y-J^ J-^ t _r“-''-' _r^-44j -U-! '-'J- i jj 

o«-“>L.jj t ( _ 5 J_w.J ( _ 5 jl>- (_gjl 1 4_j“>Ll3 iSjL. .UJ ^j-g-^-toj 

A jJuJl 4 _L^Aj JijJl Ojljj L o-L~.*ilj) J> j_oJlJ| olj-wAj 1 J 

oi^ .<l> jjUJi cy °^ , i r» ^ (<e ~. ^jlii 

(_ 5 ^i! jJ (_£-tJl Snapdragon Jllsj j y>- i^>Uk jj iajJLpL™. Jj jPdJL ^Ij 

^jljjj Lv2jI tl) I ■ 4jl ^ *>-jj t J^- ^Ij t J|^ t <dl>cj Jo^- (Jj-> J 


I j_A 


_>JJl Prentice Hall ^aJ 


pMl £-*-*->- J IjL^lJ j jij jlj 

.Jjst-jjl Jl ^LSCl 

l)I J.llj ^ 4jlrSiJlj It^jCoja^l -daJ 
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jpUJ IaJIa _ 1 


. <(UL>- JuJl>- JLo l Jj> o - jjui* UL>- LjjUI 4jUz)I» 

Rita Colwell *W bj 

. National Science Foundation Ij jJ» 


16 ^UL ^Usa^I liU ■ 

18 Idjfe I jjL (jl <^*>U B 

20 ? _jjUI jJb Lo H 

24 ^UJI Cj\Jo-\j 5ia>-*>ta ■ 
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? ybJl ^UiaVI ISU. 

t o ob to A^*»bS" olLsJ A^-v^boJl aJ-JjJI ^l^P-Vl (J^b>- 

^JlSGI o jV g j Jnano jJU» dJJu 

^jJa^j U ^_o Ljj-ii j*J-*Jl iwJl y>r J-S' ^ ^IjJj olj^-So 

oL^>Jlj A_JjjJl oli*>\_*Jlj j ^ysj>x3 < ol Jj>- 'jj* <U_L P 

UL» jJ o Lg_^s ^ Uj . (j j^vJl ^3 bg_*-3 j, oJ Aj j_JLJ1 L <C~o ^-Jl 

a^jLwo-^5\JI a>s_L^ I y>^ <bJLJl o o j^oJ I b& j^jlp 1j . Ljt>bSbjLo 
jl -> j^sjJ ^»bJJ *w? 1 4j jJgjLoJl oj/L>cJl L^_L*J j t a_> ^ j>jlj 

.AjjjLJl ( Jj>c^ 3 A>l^jJl ^3 

OjJ J jJj ^jljJl jl JwLo tf-lj^l jAJj Jj j-yg-j <^-w^-v^lI' ^0 aJI £-OJ 

^Lv2jiil ^-v2j>o ^v2j>- b« jl ^p ^1_p kojbpl^ j ^ Jj>- 

^Jl jj>- a^S" A- o j_5\j>cJ| JjJ j .^Jj^l tA-la-jl ^L>1 ^3 O-j ^j^/Ij 

600 ^o jJlS"! ^b>LJ j w jjuj t2001 ^Lp ^3 ^_>LJl <1j ^>o ^^-bp b) 422 

j/ Aj jJJa-ttJl aJj! ^* oJl 2)1 ^_p j- 1 1 2002 ^bp ^3 j-> (_^-bp j^-k>> 

^^L^tj'yi ^.^12 j_Jl ^->b)Jl Lo 1J_& ^J_xJj t o j-j^o 519 ^_Lp J_>jJ 

^^LvAXS^I ^ j5" jJl aJL>- f-Ljl i*_*slk bo i^jAj bo JbJ! ^-b!l wL^>- jJl 

A^O ^_Sb>cJl LgJ 1 A_^oljJl CJ Lp 1_L?_j 3_] 1 bsAjl j->b)Jl c 

c-obS" l)1j c <. ^b^j^l o-til5b>jj ^lijJl (> _^-bp 1 j-^o~>~ o sjla 

.^o 2r 4 '^ A>sb& 


•o .j»L^Jl 

j-^pj a^5 j-wo^/1 
>\y>- P (^j-ko 


t A_P jJJLo Cjbp ^o-^>c^o ^o ^jljJl <2 j A - s^> -s/? >c_oJ 1 Aj3U>cJ V y 1 (Jl ^o^l 

^liJUl ojljjj A_>c_v2JJ A-wO ^kJl AJ^-gJlj Jwl^Jl ojljjj A_w« j-iJl jJ_xJl A_L^& bg_Lo 

^b>cJo j . A^o ^5b>Jl Cj'JIS" jJlj CjIjIj jJl y >- 1 AP j^^oj A^i-wJ 1 Aj Loj>- aJLS"jj 

^J_-_3 ^AiL-y*! ^-_Pw\_j ^)LoJL> L^_j1 Aj2_^_4j>- ^_3 A_j^_jljJl Aj LjJJlU <J 

Joseph Lieberman jbo^^J ck j b«»S«*»*2 1 (_) LS" ^ 1 ^3 w\J 1 ^ ^ ^ ^ -^.^J 1 

^.151 t Newt Gingrich ^Ju^-p o^J J-jL^JI ^pljjJl 
A_>j-jbjJl k)l_jULU 4^wo^_aJl 3 j^L_<Jl C-— jLS"j . j_j LJ 1 A_2bJLj ^j_p j^—^—slwL^Jl 
^_pOj ^^Jl 5JLJL3J1 j yS-SS wC^_p Jr 4 Nanotechnology Initiative 

•u^ji (Tjyr “jW <y j~* 

. aJw 2_3 1 AjjjbJl AjLiJl ^kxj ^)Jl OwL^>- jJl A^gJl <uS" ^*o^/l A-o j^Sb><J! O-wvwJ 
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Northwestern o cjL*-aL>cJl ^y* cj! <L*Jl 9 
^ jJ-xJl j5 " jAj IjlJ <LoLaxJI Delft o-aJ^ 4 _*^aL>- ^i>- owb>cc>Jl oLN jJl 

j3 ^JwSLcJ j C oJ-jJ_p- Jjjl jAJ CjL-LS” ^Lo C ^s-yaJ L ^.3 ^a j_iJl Aj j_jLJ| 

^j-o 2 j j . ‘LwoAaJ 1 o L/?, y 2 j>cjJ 1 ^Lp jj LJ l Cj jj>o . aj^j bJ I aJLaiLJ aC.>cj 

^-c*»L>cJl ^Lo-Lp^ o^wa> wC^-oJ I ^ b^-ob^ojJ 1^ pLi'yij P'LoJlpj (1) j-oL<^5b)l 

.Aj^LJl AjLiJl ^laj ^Lp ^j^L>J>eJ 

A-^bwv^Jl J Aojb>cJl (J Lo-P V 1 O^L^-a ^a |jj>-lj AjjjLJI A_j IJbJ 1 ^JJL>- -A-*_> J 
A-LyaJi CjI^i CjL«wL>cJ|j £_Lw*Jl J-UJ <1)1 £_3 jJo *Lw« jJLll ^ ^-L*Jl AJC_g-i .^_£ j_^5sJl 

|j„&j t2015 ^Lp (J j-b>o (Jj^SjjJ 1 ^c>- li ^w*f A_>jjbJl aJUcJ L 

AjIJj ^3 A*_<Cj>e_^ Obs A jIajj Ca'^/Lv^J'^I CjIpIw? ^j*a j^S"l L^_L*J>o La 

^3 I j-*-* oLpLlv^JI ^j-a 5wLj>-Ij ^vwJj c 1998 ^>Lp ^3 UfcjL&^jl J__g_p 
^jA A 0 L 4 J CjLS" A^J- yg-Sl ^Ju*JlJL> AjjjLJI Aj L fljJl JjUJ J . ^c_j jLJl 

jJ jJaJ J A^ljjJ A^j^e-sA 5 cC*J>o Jjl j-a C-*-a li! ^dl IBM j NEC j HP 
o j«,<g^>c-oJl ^Uiw^'yi ol^ o jJ ! cj 15” ^AJl oi_A CaU>x_^3 ^_p jjj .L jjUJ! 
oJUJL>Jl o US’ ^JlJl jJ_p AAi .AUi ( _ 5 Jlp ojiliJl oJAa- jJl o_™J LgLli 

tjl ^ j-°jjj UAj! <uJj .Lv2j! 4j jjEJl 4^JJl ^3 <5jLwjJJ (J j 3 j»J* - ! 1 j 
4^J) tl)| [ ^->~ J j-^iaJl -^9 4 jjj^ CJ*A>E-aj t 4jjl>o t 4 jjUiJL!U^1 

.LjjUl iiLidl y±s- o 15 j-li stock index jv-^l 

^jJ aj ^jLJI aJLa^J I C^JwO«»_A t^*^\_P^/l (^ 5 ^J 

.Co ^J-P Lo ^ <LwJ5j A^o-Lpj A^j1»Aj AJ->c-a ^|5" (.MSNBC J CNN 

> 

tl)CjC-^9 a y\s^~ C-J-b>-!j i 4j jjEJl JL > ^3 ^j-AalxJ djl^s o-l P ^ jj ojol^- Oj>*C-oj 

Science <»jJl*JI iL^ o^ccpIj .jjUl ^UJlp oljUCj JLid ^Feynman Prize 

i—3 *Ap jjbJl .2001 4— oJ^Jl ol> yid]\ ^y> 4j jjbJl cjIj^x^-oJI Jj>-I 

.KiJbJl <u_Ji*Jl o ^jp jxJl jl _^jJl O^xJ rfJw—J I AIL" ^ Forbes 
9 ^j-o 4-J— ol^>- jJ cjL cj!j j-o oLxjAo? I A .' ' L jjbJl LLLJl 
cLIAj t ( _ r <>J-*Jl (JLLtJI oLI Jj L^-Aj j-L O-LLj (.Wired Magazine «cL>^<Jl 

Star Trek: The Next ^AJl J ^ oIaL^ ^j-L> 


L> jJb^ (1988 _ 1918) t Richard Philips Feynman oLiA-i ^jLCjj (#-) 

.(^f- ^d.1) 1965 t-\jyJi U jj 3jjl>- 
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. Spiderman ^Jui ^Jl AiLgl tXTheX-Files oliLs j Generation 

^JLp <j jjIjJI aJULlJI o-CLl I Jg LJlJI j J 1 1 l_a J-S" o j^S' ^_3 j 

Lj L lJ L A_L*g ota cj^ L> c-a ^3 oIjL^lI c-ol jJLs .^vgL>cJ 1 ^JLp j 

3 j_S j j oGLs^} ^j-a C->-LLal c o j-JLa L_oLsJ2_)L3 1 oLp! j_L>-1 J *}L^_9 4_j j_j IjJl 

\jj j~& c d)Li? o j_j w\_j>- oL>*)i^ ^jl>- <J I 4_L^>*lj ^c_j jl j_v2 Jl 

^xJl o jJaj>tJl ajj^j>cJI ^J^al j_*J 1 •» LLS\J Al_g— *<j aS-aJ1 LJLp < a-Ll jSLi 

oLv^Jl 4 _j ^jUI ^JlI j«— J lj jlL>JI ^«a 1 j-a oJ y>j .al-^>cJ 1 3 j-o->cJl ^j-w-3 

JJ jj ^l)1 l LjjjIJ aj-J1->s-<>J 1 ol jS c-> j_gJgj c *>L*_9 c_jl j -w^'y I ^vwo-*xJl 

U .2002 j»U> Davis Cup ^15 oL>jL-a ^3 t j_*j! oliLv^o ^Jl 

0->t-Jl ^3 L*~-o-L-a 4 j jjL lUJ cjIS" L^jI j'Vl ^Jr >m oJ I j 

^LLa ^_> -L&j ^J-P ^J~o-*Jl 2^ ^ ^ tO^-P^I (J*}L>- ^j-a +S+.A) J^j j— -J (JjL>cJ jl 

*lj^l ^3 ^yS.Ai A_^J> ^vwJj .-L-S'LJLj o1*L-LJ-*>1 ^jJ>-J £-a L ^JL^AS>~ <_£ j_)Lj 
j^SLJ t jl j^SLoj ULp jl c LajJ-Lj <1)1 AjjjLJI Lj LidJ ^Jl A_g_^-jJl 

ciiis j^j ^ibjj Oj 15 Lo-g-a ! oJc^l j aJ g-Aj ^Lp j jJLsl jj L^—yg jL*-aj Lft>jLvajl 
ollLSs-aj ^J-p ^ alp Lp cjIJIJLJI c ^ ^Jajo ^J-^l l-^-*> jU dJuULoJjfel j 

. UJaP I Lj t2-L^3 j} *y) e_3 0 

aj^jLJI aJULJ! ^p AjiUJl jLSGVlj oL*JUJl ■> 1 

La La JJ ^JL*J1 ^1 p jjj ^)Jl aA-J-vsJI olj jj J jJl ^i-P AjjjLJI AjLaxJI j^pZJL* 

A»wa j-3jl Oj^LwoJlj .^La^l jgtJ ^-L*JJ J-^S" 0 t J->cJl C^> ^j-a ^Jj 

^Jg-cj j^Lp 0-*-Jg aL^j>- oJ^j <. w^a^Lill a^p L wygJ 1 Sjji3l» L^-wL-wvJ AjjjLJI aJLaxD 
^Jgjl) 1 jjlj 50 L^-a ^g ^p (^jL^o ^_3 ^>-L (jCvu^ll 3 j^s> ^j<g ^p ^*.^1 

.(1 _ 1 JSClil 

L)l £-woj>sJl j__^-Lp AjjjLJI aJLa^JI ( JLLaj \j\y* (J jg»- ^jIjJI (Jj_>cJ1 o-^«jj 

Ljg ^_P jaJJLj c_3wL^Jl 1 (J-^3 j>cj k ^LlSsJI 1 -La ^L-oJg_) j .L^JwP t>CJ-3 1 j_9j_*-j 

AjjjLJI aJUJI jj>e_L c_3 j-wJ L^J>- jJl ^jP jLSoVl A-J| ^ La 

.ajoLaJ! aU-aJ 1 ol jL-Jl (J^L>- La y>^ 


S cpliSsJl IJla 1 jJL jl 

o j^LoJl (J j^gxJl ^Jl jjLJL jw 2L>tj>Jl *^L>-wLa (j j5LJ k ;L5L!l 1 -La ^sg 
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^ jJl <. aJLLoJl ^jLLJl o L-a aJ>- jj* .^j-^j-jLJl ^*-L*Jlj aJLLJI ^3 

^3 ^JL^-j i. >Ll 5LI1 j . ^LxJ La 43 ^_*_a ^_3 j_>LJl AjULj ^_P o ^JlS" *Ls4? 

^ys-^> i^i ^Lv^i c L<>,^_L^Li^vwa j Lo. ^j^aLya jjLJI aJLaJj L*_j J jVI ^UL*Jl 

La ^J»Sj .jL^?:^L L^? ^p iSj^ cJLo-p^L 4 _^L>cJIj Lj^Lv^jls LI 1 <, ol j_>&Jl 

JLi <!*sS talj .i^JLJl y«/3.a . ll ^5 j>s <13 y>- < >lxSLl l-L*> ^-^-j 3.) ^j-a 

j j^\J ^-3 4_^aL>cJl jl Lj j_jLJ| <U-ajwLoJl ^3 *L>^^3 jl f-LwOw^S" 0jj3 

.dJJ 43^JLa j^-a^l 


National 

NanotecHnol ogy 
In i t ! at! vf- 
- Leading "towards 
the Next 

Indbstr i o I Reao 1 ut ; on 


300nm 


L^LJI aS UJJ <u»a ^JL)I o j^LLl ; ^LJl ^/a x)l <u^jL <lj*J oj ^ ■ 1 1 ^J-5LjJI 

aJLJI -U^L^aJl oj^il ^3jjj <_3 


• j j * *" * 4 ^«aL>- 4 P <ta 3 1 Jc*j oj j^aJl 




C l$j <Lj>-jL>- j3L/2» Lj>-j3I j C 1 j*+0 9 LJjL>- 

^_>w\JL> Lv 2_)I LJ^L>-^ . tlLa L oJLA I ^Jo -X3 ^-oJl ^3 (JjJL*xJl ^3 O-^P j La 

4 -Jg-^-^.li^ ^^Lp^M ^Jj>Lwa _2 ^3 I ^JL> La ^—g -3 ^Lp tllj J-P Lw*_x>J 4 ^*>iLwa*yi jjLoJl 

J jluJl t^LlSsJl iJwfc ^_Lp £-ULjL/ I £-a C Lj j_jLJ| LjLjJlLI <LjL>«jJl <Lut>c-y2Ji 
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c o <J jl L^-aj 4 '-j>- Iia^J 1 cj U> tIJav2^J I li .o*l j-aJIj 

.ol^j ^3 LjL j *3 Llo ^—>ll5sJl 

*LJl jl jj>- a_L>-j pLjI t <l«-j j-wvJl o*l jJLU %>li t^->Lx5sJl o^_Ssj 2)1 ^J-j>Lj 
t^llxSvoj^ AjjjllJl Aj LiJ L cLLjLoJ^I l)\j t Aj>-L^J| y>- A3 L>- ^1p ^21j I 

^_3 y^i .<LoLaJ| £-L2LxJl A~o-Jj e-ljJl t^iLs y*-*-P ^\jLa\y cilSLij-v^l L^JLJLsLl* y> 

cj I jb Aj jL>cjJl J A^P UygJ I (jL^P^Ij AjULJIj ^-i_*Jl j* ^ AjjjLJI AjliJl 0 j^\j 

-ii j .L^j-p *!>L%i3 ^-wo->cJl 2)1 ^w^->o IjJj c a-oLaJI aXJ^aJI ol jJwwvJl 

! Aj ^U>3Ua» 1 .AjljJl (1) v ^txSsJl 13-& 


? ^>bJl L« 


c_i-^ j t ^ j! ^Jlp Neil Armstrong j yL^jl J_J Lk_>- L»jj^p 

2) j5\j JL3J . (^ ^JLJI ^J^>c_lJ aJjL& oJjA3j ^ jjUJ o o j-ia.?- L^jIj o jJaj>cJl cilJj 
^Ju*j>cJ o o jJaj>c_; 3jSvJ t j-JlJ 1 ^ I aIj L& o J_A3 Aj j_> Lj I aJ l_AjJ 1 

.A^-^x>-jJl A» ^JgJwoJl ^_>cJ>o l$j Ajj iJLa j-Lo £j^ jJLwv>»jl 


Jj>- 1 jJl jjljJl . e-^2>- J^"' 0 (Ir 4 J ® jjlJ)) A^JlSJI 

yiy^j .o^jLJl y 1/000000000 Jl ^jUj lo J\ c ^Jl ^ 1/000000000 

° > f. > s 

50000 ^jL^j 2)J*o^yi o y*~ Si jl z3 <1)1 ^Jl ajjjLJI cjL-^ULJI 

y? J& l CjI jjUI olid ^/2 j A^s Jjj^- A^L>- jisJ ^_Loj C 

Ajj ^S voJl a1>jI^IoJ 1 ol jIjJI ^>1 j-Ji ^3 A^oLlJl ojjj1>c^>J| (JlSw>*yi J^ 

Aj j^lJI ^^JIj a^j ^ oJl ^L-Ji'yi ^L«j1 •! 130 j^>*-> 2002 ^>Ip ^ 

JaJ>- ^3 A-iJa-yg-^ ^J>-JJ CjI j3> jjLs* ^j-oLa-4 ^_L oj .jJLo J-> 12 10000 o^^_>t^>Jl 

.(2 _ 1 J£jJ1 Jy>\) |JI>. jZjs ^Ul (1)| <• lJb>- .lwb>-l j 1 y>\i j 

^^Jl^ A^wmLwmVI A*w»>lj^ C Aj1jjL*j -k-wvulj C ^jUI |%-Lp^ 

jJi j .jjL« ^_ jU 100 j 1 ^-ij ^J-sVl ^-Lp w\^>-1j Jw^_! l_^3 wL>~ j_j ^xJl 

Aj^jLJI AjLaiJI j .Aj^jUJI ^lJL> (. y3 yo j+S- y>*-i t _5^' ^ o jj& 

1J_& (jl ^_lp . 3 L*_i ^ 1 A_»j_j 13 o wL_iL« olj_^_>c_j ^3 A_j yi Lj 1 ^JwJl cili-J (J Low^JL^oI 

j-wvsJ2_ j •. Aj J^ l ^j-^2 wL^S"LJL t LaLoJ L-v^ j-a j\ L>1Aj>- < Aj ^*jJ1 

I (J jjUI ^wL^vJ l (jl ^ -Aj l) 1 -O-J 1 ) yA yi 1-3 1 i-3 . A^— ) LaJ I A^t 1 1 

■J*^\ cr* {y y* 
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4 J jLS-o il ^3 oL-Ull oj ^-/aJl dJjfc juJ ! 2 1 

t oljJ li I2i jj .LgJL^^J 2>- jJUl j-Jip jIjlLw 0 S>- ^ Si jJllI 

^a->s-JxJl Lo jJlI <L vv^Lj ^oLaII j j_$ J jJLo ^-}LJl ^j-o ^ 


. Zwcz'a Eames/Eames Office (www.eamesoffice.com) : J it (3 ja^-I 


(jU IJJ .4 _A^j2j>- jL>c_> 0 ^Jg_9 tJ^->o 

<uLygJl jJw?l Jj c Jbj3 j^w^l *L-J>I 3 

<U J_S" <2~J>- wL) ^ jjUI (l)i ciU^ ^Jl l^Lyg-J .Lg_*_Lyg ^j-SCo-J ^1 

C O oLw»xJl ^3 o^ljlx^oJl ^~oJl ^<gl ^>~ (^‘■Xil cIjLojLa^JI L-»*< 
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^jOJl Ao^kJl j->=JL t y ^ 1 A^SJUy ojL^aJIj aJjLJI L^lLo>l ^j*aj 

1^-i-wvJl ^j23 • A^o yj^^]\ I A^s^- y~d\ Aj I L^_La^ C l ^u^>d\y 

aJLj jJa_j LgjL-alJLa ^lp Aj jJ& jS>- 3l 1 ^^3 1 ^jLS"l wL^JL^J ^ j_>Ul 

^Jus^a ^Jp (^° • (^ ^>“^1 OO L^*« LLoJ 1 ^3 LgJp L&3L<Opl ^P c-aLi>o 

^JJl ^»^l o ^_>L aJ oj^ Lj ^-,yfl->cj *y ^ 3 jb o y^p cli_L^*» ol JLoJI 

^jl j U oj 3 J . 4jo jj>cJl oLJ j L^-Jp ^ j-fiJ ^ill aL^woJI aJ^I^oJI i ^JJl<>-> 

olj J j_x5\J^M j_^_j2~a ^lp ALS\J C 4_ajlJLoJ!j 0_g_>tJlj jLoJl ^j^-> ja_i J_> 

Oy^j ^ lOp .^_^_> (J ^J-P (J^SwLlS" t2J-L~a ^Jp aJL3 OJO»J I 

y y^ ^lp L .JgJis oOj>-I^ OyS ^j. P j£* y£i *2i-Lw%Jl ^jP 0 y^~> LaOOP L»^^a 

.jSi\ jb Ijl>.|j SU\ 

A-Ol— wOw^^Jl 3l ^-oJl ^^?l y^” l0_A ^*)Lj2^o-J| J^EojI Oj 

C ^.^ygJLfl-a^I I t. 4 j j_*oJ 1 ol ^ ^_}J J-^LlII |t— L*Jl ^LoLa jP A_> jjb yS>- -sLOLj^osJIj 

^ ^jLJI ^-L~Jl y^\ y* yyt ^o^jLJI aJLaxJIj ^_L*2J l j_s>*Jlj ^*>?.*p.\\ 

Mike ROCO ySyy tOijLa L^-JlS” A^a^JLll ^ jl*Jl 4jO^J aJLo^ ^3 3^)I^Jl O^wo^oJl 

. 2001 ^>lp ^3 dJ yJ^p y 

p-L-a ^3 A> ^>c-w*» cJajlj jJSi (^laJl ^*a jL^La ^y* * y>-) Oj>-I jJl ^la jjUI 
oL-)M Cy 3 cj I j-^-^-cjJ 1 ^k^l ojp ajjjLJI (> _^Jl .3L*_> % yi 

^.frd.ll ^j-o^jljJl <Lw» JO-^-] I y ^_L«JL> U-A 0 +.p Ajy .A^>cJl oLjLSvJl CjLO Jj>- j_^5"Ij 
A-oL y <l 0L>^-^3 ^jP *Lo^>-ljJl <U_)LixJl CjI j ybsS\y ^ y* j_>cJl 

Lg_jL^aL3-a ^_3 4 _L?_^u jJLa oLa j_la_OoJ o J_j wL>- 4_j y^S>~ y 
La ^3 A^JLio'yi ^^^1 jjLJL ^_SL>cjJl 3l j^oJlj aJ»v2jLO>J| 

<uSLo iSwsj ^SLJ^yi oLa ^JgJwoJl oli>-lj t AjjjLJI AjliJl ^j.A>- Ol 

4 JI ^/| t!oj>- 0 j^x.aP. ll f-LsOa'yi ^-a O^L-a L*Jo t iwL^3_*J wLOiVl MEMS AJJ j_^LoJ| 

*L^5s-o L 5s-wa J jJL^J^/l oLa j_L»_Oo^l' j_^0_L^aj a-LoJ_*_3 . Lq^^-Lo Ja_lj>cJl ^w\_P 

^-a pL-O I ^*3 (J jl JJ ^j3 1 Ol^ I Jj>- 0 jJk*P CjL> yjy y Oy&SLfcj Ajy ^SLoJl 

AoJ (j l)I ( /^SLa->j .^-^jJl ^*)La/3|j f-ljOjl ^OJl jLJ aS y>z . Jl ^j-'-*3 

^)j>u j ^J-*p-> Lg_Oa t Lv2_>I aJlJ-v2J| OjIJ y->y y^\ d-LloJ ^ ^j>- I 0 '-^’La-wJaj 


.^51 CP La jJaO j ^*)Lv£3|j 
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ollil ^3 *)\>*3 Ajj j-S^oJI A^SnLoISwjj j^SsJ^/ 1 CjI» cjj 

^2_*_> >-j ^T > '^ CjLj-wJaJ (_s^J CjIjLw-J 1 ^3 A«ol j-^Jl AjLoj>kJ| wULw-j 

JL>- ^3 LgJ aJJLo^j L^jI ^ Aj ^jUJl AjULJIj CjLj ^J aLoJl oj_& ^j_o 

a_^5\-o LSC w« j oU ^Jg-L-oJl <1)1 ^3 j^o-Ssj I J_^li .tjl j-^^l 1 y-* 

oL-^lJLa t jZ~a ^jll 1000000 j 1000 L^L-^lJL« a_>j 

dUi ^1 cJL^j .(3 _ 1 JwSLlJl jJaJI) ^ jJUl JuJl oLli« ^ I jJS j£\ 

JL>^J| ^3 I 0 L<>jl^_j j^jj->{^\ aJUjJI j ^-L*Jl ol 

j£\ C A^S2olS2-s j»l A-^j ^ o-S" ^ I A-uL>^^3 ^1 A^jLwo-^S" 0->l5l £-1 y+j> <■ 

olJ j_j j j ajjjLJI aJLaxJI o^vJ j .a^p I o^U^Jl ol jZ*S- ^3 -Aj>- jJ j Lp 

. Aj ^jIj 

Aja_4jJ I )) 1 1 w\_> y**-> ^Jgjo l-3 ^-^* j CA-JLJl aJlJuJI J y+0A il ^ 

A^w*iLw-'yi Ixj Lyfl->c-Lfl ^JjLj ^-Lwo ^3 Aj^s-c-wvJI 

A_>j_jljJl aJULxJI CjLjISs^o^j Cj^ L>c_^ 3 ^3 o aJ ^_>c_j ^ jJL> t L^1_P ^ jJLj 

• 0 I 



J2j*y t60 -o^ 


A-LyaAxll oIp .^jjUI ! 3 _ 1 

J&~\ J jIa jj\j y>tj l g \a JS' 


. J. Gimzewski, UCLA 5ii 1 _Uj o— «iil 
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^LJLlI ol J->-l j J-P 


.LojjjJ *-L*Jl J5 ^3 (SI iJ jjJl) 

'V CU^>- <uS" AslJllJl A^-u ^3 IjLto f-1 ^JlU I^L^L^a 0 *)! _\S J 


Aj ^L oJ 1 CjI Jj>-I jJL A>c ^ i_) L« ^-3 Jj j .1 jJS j^^/2 Jl oL»alJL*Jl ^ Jj>cJL^J 

.OL ^Jlp ^-P LwOwLaJ ^a oL-aLL>Jl ^*_L-a *Lo ^lp OwX^L^<>JJ 0 j^k^J 1 


l^i^g jjl 

( j^al^eil) aJjJJI Jbjdl oJL>- jJl 

. La o J j>-Ij o3 jL jl /»! Jil Aj*)Ij 

(m) jj> 

.j±\ y> 1/100 

(cm) j ^u~— 

.^11 ^ 1/1000 

(mm) 

J-&J <• ^Oj J^s-a )) Lyfla 1 ^o-«oj .^jdl ^-a 1/1000000 

(|J.m) 

Ol jljJl ^-Jg-^a ^_3 4^1j>-|jJl cJlSs-Ja'yi clgL^alJLa ^_Lwa 


. <Lj ^S\ll A^SLoISwjj ^)|| oLa ^IajJ»|j ALalSLdl 


ot_^U_a J t^ill ^ 1/1000000000 

(nm) 

^J-a L*jo 1 j A_Lyg-<Li.l o j-J*. *./2 ll oLj^gLl 


.AjjjLJI Aj L iJl Lg-*-a 
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4JL**o _ 2 

♦ 


a I . f .A // lZjL^UlII (. (JL*>^-I ' jj Oj**',t3 I I c-L^S V/ 

. ft JUS j! oL^-I s-L-> 


(*) 


Ben Johnson j j~~j ji? ^ 


26 


30 


J* .yaJI «. v- ±: 


JjbJI ijS 3 * 1 


.(^ ^ 1 ) (1637 - 1572 ) ^ J yli J J\ jj (*) 
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ij jl~o (J c_^~&JJl y* \ AjlUsl y L*_^jj>- c__-P y 1 JUU jl^J 

, > 

^>j^J ApUjjlj <W? ^Pj aJ jJ^ *■ A-yflUa ^3 <W23 j ^U>Cj 1 (*_^JtSvoJl Ji>- .^IjJl 3 

.(I 50 ^>o) 12L>1 18 y jL^o LgUa ^S" (J o oLJtSJa <LoL>J 

^JtSJoJl ^?1 y>~ l^ ~*.A) y* o jJk*/ 2 ,)\ <LoL*jJl oLj*SJoJ1 y> ^ &\ y>- d)j 

Lg-U JS” yy^ j .^o£> 1 j-& L^Jwo ^J-So ! (*LJL<>Jl a^^JI e-Lju^L) 

J_J aJ culls' y^\ jl^J^/l Ojl y>- Aj>-j.5 aJ *L> j_g_$\_U L» ^1? llU*.^ 
l) j^J> dLU ^-jkJJl i^JtSJoJl ^Jc*J>tJ 1 (1)1 l*Xp La ^3j .^JajjJl 


. A-ygAi 


CUAA^“ U9 


(J j_I^ ^jL^j ^Jl 0 j^-s^Jl oL-*_SJ<>Jl ^a lu^*-lj cu*Ja_i cLLI cl) 1 ^JJJ>&J 
y» J5 <J j-1^ (jj-SJ c-3 j-w*> UU_>- .aJL jJaJl ^j^UCi LJL>I 18 
^_^-SCoJJ culls' ^Jl ^£?l jS-cJl ( j-'Uj ^ 0 jS2> t^_3 y^j c oLcol 9 4_>tJljJl coLocJl 
Duel j A^j^IaJl ^vUo c_^_aJJ 1 oL^SJa ^j^?.3 L*jU 1-^jj . ^Jg.A.lL *uJl 

U _r^““^' y>3 U J^l 0*j ‘cT^' U (“Ul ^y> ^UJL; 

.t^o^jJl ^p\ y>- y 1 jyj (S y LJU 1 0 j j^voJl ^u-J^Jl y*j <- 

j+S* ^p+/3 > dxa &Sj>- y» JJP J C CjL-^Sv>j ^w2j Ls-C-P (^SsJ 

4_A_^3jJl Cjlj^'yi ^/ 2 _*_j ^Jl 4_j>-L><J| j ^ \a, j j (O j_^>*_oJ! L^JL jjj 

c_^-aS_]| ^Ja_3 I y>~ i^-^- 3 . ^p.Jl ) 1 ^-3 jl 1 ^_l_P 0 ■XS' 

^3 ! ^S1 jJl ^>5l-P ^3 IjJ j-^>" ^y* ^-s^l J l^-^J . j~-x J 0j5 A^jL»J^aJ1 

^_Lp A-oLwo-^SvJl^ 4»cI_j^j2J1 o^LoJl ^ j>_ *y 0 cjL^La-oJI L*>> 

y^\^j j\ j»l ^j- 4 <— ^-Ss^Jl jLSI t y ^ y ^ J t 

.^»l>u j\ uJj>- _^1 i^Llcu % ^1 

c^aJJI 0 L^uaj tf-Lu^l JS J 1 ^ ^jljJl ^^1 > L«wUp ^j-SU 

y j^ijJl 1 -L* .LSL^SJI <W?1 y>-j ojL^-yg-jl ojl ^>- 

ol ^uLJl ciiij c L^_u JJl OjS^Sj ^iJl ol j JJl ( /^o L« ^3 ci^LuJl ol ^-JlxJl 

c_3 'J ^ jjLJI c_^>JJl d)| .<u>-^vj>cJl oUl ^3 

• 1 wj IS” 

^_^JJl c_^JtSJo_i tJ j-v^ j-J U3j^>Jl 1 y* 0 ^^>-^1 aLJjJI CIjI jJaj>cJl ^jUoJ 
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^ ^3 » s 1 ' C —1 1 ^«/2 « ll i ^— ' ' Z^_^3 l—^^-J ^_J l_J 1 |^_)w*^J I ^ ^-J 1 

^^gjJl I^Ju^^j )*^La <;LwJL>“ ^-j>tj>E_} i^-A-Ul 4_*Ja_4_s .a_»^j 1 jJ 1 

LjL^>-l ^x>w»^o ^ j_jUI ^-_Lv 2 JlJ 1 ^jjJl I j_&j jjLJI 

\ L^Jl^jJ o j-^" ^tJwo IwLo LjV c top down <_£ j_>LJl L 

(J C5^ > ~ ^ <Ll_v2_4_L<>J I OljdJl ^a ( - 5*!>Ll2_} S yi (jli ^JulJLoJl 




JJ! 


> <* f. . 

^ j ^-ows^J UL^l j . bottom up 
nanodots JL^iUI JpUJI j! quantum dots k^a isliJl L&lj j-ygJ>- ^Jl i^Ul 
^JuJl ^3 ^JL cj L-*> UL a ^ <• 4J2JL1 Jl <jL 1 j L^Jl 5 v-Jol <jV 
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^IjlaJI (j 1 1 2 JiLJ! 


. Getty Images 4isl Jl*j oj waJl 
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(j ! 2 2 

. Getty Images 5isl J l*j 


t <U 




:Ul 


JJl JaUU UL-V, 


1 L 


j j-yg-^Jl ^3 o5jj>- Ail jjJl d)l jJl .5 wL>J->cJL> 

jL>xj2J| ^>IjI ^ia^j ^Jl 4-^>-L>- jJl C3lf-*^UaJl t j^SLaJl ^la-^jJl 

^_P <^_j2_lj^J>s_} ^ J_)LJ| ^3 3l ^ 4-3— flJ>- ^J-P A y-A-> t 

(1)^-1_J ^J-S\— <>— ) ^ ^-v2_>c_Jl 4_j>-^ ^_i_P^ .0 dJ L. W»< Lj 2_^_) I ^_L_ *-*’ ^^-3 ^-^>t_J| 

jl j! L^>tL-wvs j2_Lj jl UUj jJ (jj_5v_> (jl A_jj_jIjJ| CjLoJ-*^>- 

<2bJjl ^JuijjM o^jjjIjJI 0 Oj^sj lj_g_> .L^jL-o 1_L<>J bcJ c 0 
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*)} c 0 — 2 g-^>» ^Jl j ^3 ^U-jJl AP-Lw^g ^3 I ^Lo_P ^j^Ul 

.(2 _ 2 ^Jw5s>*iJl) w\_>cJl i^_s L a/2->1 £_> Lv 2» ^3 <JLJ 'y 1 ^£j3 ^^JloUJI 

LJ As^JL) jl (1) >*——*■<<-*> (j j^i ^ ^ ^j-s^“L>- jJl cLLJ J ' j! ^c-yg| ^Jl ^a 

.(3 _ 2 ^J^SLjlJI) ^_3 ^x33 2^° ^ t o j_L*jij 


J^w*- ^HJl ^^-Lp wLoJLxj ^Jl 4 jjjLJ| eS*^ ^ 

j~£ jliijl ^.Lp L j), .v,^ >c_] ' .o ci^LwaLi^Jl .^-L*-** j ^loLj 03 ^_x_Jl 

<jjjLJI JgLiJl oL^LLa o jJJl 0I3 JgLLiJ ^j-^ULoJl 

L>J^>- jJL</?')l\ (1) jill ^Jl tJjg*clJL IwLJ La jl&j** 4jjjLJ| JgLLJl tl)l C <Lolj3^M 
La <LoJ oLS" I 3 J 4_)l xJUgJl {_y*J . Lx-a <Lj1j Jajl Lg-pJj j l ^ Jg x-yg-j IwLo 


LjI .3 LgJa-il LSL) 'y Jj>- 


^j-a <U_}j_aJ1 4_>j_>LJ| JgUJl ^j-a ^_a5\_> 


^3 L^_Lo-P A-Jl oJ»Aj .O jJ>c_oJl ^j^xJL (j jJJl 4 _>jj 


LuL 3 j-xj c Lx^a Jg_j y j JgUJl O-S" jJ I3J j^ 5 sJ . 4 »^>-L>“jJl ol^*^UaJl ^3 j 

.cj jU^Jl 2]^u 4 j ^_L>e_) ^jj| l*_^wkjJlS" <L ^&3 ^... ygll 



t i_Jb3 jl <W23 Jp *lpj L$y^ *<J ^ ‘LLL*- 4 AjjjL oIj^Jj ! 3 — 2 

JjLJ! j LJlxJI ^ 3^J oL-Uil j! jJ^I 


. Richard Van Duyne, Northwestern University if- y>£- 
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CJ l-yg ^lp JJ UJl f-L3p wLoJl*_) 3-13 OlJ-b- ^-.^-aI 

‘LaL^Jl d3 ljL>^_>c_) I c_j2_v2JL>j . djljLj^->c_) L> L« y^S* 0 j~o«JL^_j 1) j— — , LwOw«3_)L3 ^_^-l 

0 I 3 UI ^ j-51 ^ : 4 JIS ^jJUl jJ-JI ^ ^j-*<LaJ i)\ 0 ^-wO~« dA L*-*J IJLow) 

1)1 1 jiijj l o^LoJl ^_y?\ y- > ^ L) j-'j 3 j-w^J I j .a_>j j-SCoJl ^lJI ( y° j-*_v£?lj 

li j L^*> L do ^^3 ] 1 4_P ^ wj o yj lw-wl ' I ^^3 0.iL^«J! ^.^lj_^“ 

0 j .oL« j_L*_^_U 3La 1 jJ_v 2^3 ^ ^>Ul -*«_3*Jl *L>^3 j~y**~* ^ 1—^3" 
*L ^3Jl j-w-wlL^Jj 3 j^oJl f-LoJ-P . ^j-** UL»J I AjjjLJI 3 j^*Jl (jL»»*Jd*<lj |» -fl A > 

<^jl,S £~*y t AjjjLJI ^dJJ oJ-> jjjJl j3xJl L*_woj>- cil-o LSCwoJ I j e-Lwo~^SvJl j 

OlJl33l j 3 y cl)l ^j-Ss-o-j Ll3 OwLjwL^- 3 y» £_ds^ y^\ ^A>cJl 3 -LLj (J3_*JLw*>I 

.A)dJlj a3 j^\y Apldv^Jlj (_3aJl ^3 oJjJ> 

OwL a l_g_3l yS-^\ j^*JLj 1)1 AjjjLJI Aj U dJ I olv2-v2J>tJ 3~L*jJ y£~y IjJ 

ol ^>«Jl 0 -L& ^J3 wL>-l j ^2 _v^>tJ i fc _^UaXj d)T *■ 3 jJLoJl *j j-3o ^S" a_L j3> 

^-A 0 J_j wL>cJl ^jLJI 3-> ^>^-> J 3 I j^s ^-jg-*wfl 1) j3 l-y^-J 1 j^»JU y&y .A-P jJJLoJl 

.aLoIxJI ^ jjjJl *j3>- ^J3 *Lg3p ^j-o A»ujl*J 3 j_^j>cJ ^13 


jjbJl oLj^- 


l^xUaj j L^ow<^v?-j j £-LwJi 3M ^J^>cjo Jl Lx» oL^jUI aJLaxJIj ^-LlaJo 

aJLvsJI JjwLJi (_£ ^-Lw*Jl (1)1 I jl 2jy ^ 


,A^3 tJ 3/ 1^ ^LJjlj ys]\j Aj y-*^ ^y?Jo c aH>o 


! Aj 


(Ji 

U^a 3/I ^Ji 


A^j ^j. {£ ^ l 5^ ^ w *' ^ ^ J^ 1 £ '^ J ^"J 

.L^jL^*>L5>>j L^Jl5w«lj AjjjJl L^_^S"I yj L^JU j&j* l-g ^ 1 jj>- d ^-^y 

cl)! ^ *-L~JJ Owb ^ oU^Jg^.)l j AjLiJl JteLi Ay >-j Lai 

. (_£ ^ yA2s>tJ\ 3/ iS ^..■*,^>..*^lll 

(jLS" ^j_> 0 ^yLlll c-i_v2jJl ^3 A-o L^jJl CjI j j-LajJl 

L^Jl^JgJ j c a_jj I 1 c-^-4->sJ w\JLs . o j-S3J-^vJ I olo j jJlSU j ^1 jJLp*-! 

La j*-& y c_-JgJl J A^^*^L^JLw*i3f 1 oLu j ^x5\J3/lj o3/L^2JMI J ‘L**! ^^3 Ajj jjJl 

(1)15 J C 0 j3>s jsS* (1)13 C 1950 ^lp ^3 .(1) j33-w3l aJLaj y y Jaj 

o ^3p 1 A^oJ) (1)3 j Ajj j-s^ 3 Oj3j <. jj j-a j^Pj 13 jJj>c-«j I y*~*& 
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OoJj ^ < <j£-£ J <• ^Jl*J 

dlL JS COiLiL^X-) C 4_)^ j_SG»Jl ^C-jj J.,.yg..^ J J^_SsJ . Coj 

(j olJ j 03 jJ j jl j ^ s ^ j I 


L>j_j <Lo oLJ'j 
Co o' J j-jg.il 1 


. Lj ]g->cJ ^Xj' 


» ^j^2s>-j\j Josii Owl (1)1 ^31 

o j^il>Jl ^LaJ^'j olj^'yi dS” coJLSi) 



yj L&j C ^Jjo| aS j^Sj 

r^2_o .iLalSoJl o'j'jJl 


UJ .^LOOvJUJI OljlJUl OLsjjyXJI ^_3 

)\Ji ^IpxJ' jl JJL« l)'' ( Ja-^vOJJ j 0 j->li 


X>A t Gordon Moor j y> £y>-j 

>L jj jS. 5vJ| ^3 ^JjfcwLoJi o' J uLv? Jj-'— ^ 
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I 18 ^J-S < 4-ygjJ ' ^gi-AL? <L>XJ ^-wA> ^J_P J ^ 

JaJLwvo LoLp 15 ^Ju-_9 J_p-I j j^JLwo^ol jjJ ^_^vJo Jl5 ^jJl J_^>sJl 

^Ja_*_) c LoLo j ^-o o joL 4 — 2 ^j-SLxJl (Sj-i j-Ll j j-^-^^ol jJ 

£>3 ip j-w%o i 4_>o ^jJl ^Lp Loj 0 jl jJ 1 Ja_>- ^£? ^P 

■oi>!l jjy 5 

CcjLo*)\J iw^>e» j-£3 ^LJl 0 ^-)IaJ 1 Lol <• J J j-wvJl ^Jl cJj^/l j b) j->bi jp^b 

(^-Loj Jai>- jl) ^J^*o3 *Lo 4ji15sJ jL LLjo t tJ ^jP L>j>-L LIS' l)Ij 
. L o ^JL I 36 ^|S” ^1 c _b Jj>- ^|S” c-jlpL/2^0 ^Jl!I 

^Lo^M Js? jb J>- I -bo L>»bo>- ^Jcv2^>tJ o_3 j_*^< Loos (j jJLL jLJ| ^y>tCCo3 LL li) 

v 9 j_*-o O-iJ ISbJl (jV li_A Lo J . ^j-oLLoJl 4_> joL tjLSw-l ^ip ^ ^b>eJ ^ol ^Wll 

c-DLSbJl) u 4io->o o ^-JL>cJl ^cj! jLJI jj>t^o ^s>~ ^y Lo ^Jl 

^Jo t (wL>-l jJl ^j..yg...oJJ olj^jjJl ol jLU owLp a_j j ^o LJL*- ^51 jJl ^3 4_*jLsLJI 
LoJ La3^ i^_3^-<-*< ^cji jLJi d)L ^Liip^yi jp-b ( j>s <u>_) ,^—j 4j*y 

^o j^*s3 ^S-sJl oV (■ Lis' oJoJj>- ^.^^>.^,7 4^j>t^JwO J^JaS {£j?y Lj ^S jJoj 

^>Lp (J ^i>o) LolJjJl AiJjiJl col j^-Jl (Jti-Lj *lSj jSLoJl |*-LwJl ^3 oL*>LLoJl 

^^LwoJl ^-w<>j>- ^_9 ^JajJl oIpI c (?-lj_-_>cJl ^ Ja .x_^ ol*J jjJ Li3 J 2010 

^Jl a_)^ ^SLJ l ^cjI ^ o LJLiol ^>s ^zj\ j-LJ1 4_pLw? L^Jlp ^JL 1 A^^Lwo'yi 

L^-s 3 iw 4-o JjLflJ J j-a j -Los o .4 j^jLJ| 

olS j-JLl ^Lp LLAa]| oi_A C-J -*~j& jL j . I^j j-Lj 'y C 0 J^J ^cjl ^.^.0.^ 3 

.AjjjLJI ^ol j-LJl ^3 LgJ jLSLo ^P C-o>t-Jl ^3 .jg.l>cJo L^_lL*j>-j ^ ^SLll 

Vacuum o*dL>c_^JI *loj jj^SD^yi 0 L 0 L 0 -L 2 JI 4_jLLo ^JoL^oJl LiiJ ^J-&L>cJL3 

( Vinyl record Oj^Jl J-o^J oLl^k^l J\ ( , ) tube 


l j-g-5” <*_Lj3 1 Lt —cJ 1 ^Li ^y***-* 1 lL*^ 3 (_5^"L j ^ jL ci j ^ ^Lw2Ji (^) 

.L»_g>J-P j-L L^*" J-Jwd.1 ^o — j Lo oLPL oLj j^£J\ 4JwO (J-l.Jg.X.3 t Ua— g_o ^4>_— j Lo ^jj>s— «J 

I -La io»- j yJl ^1 yo* - ^ -L*j j .oLi j jJlSD^I jLj L».^'...) Lo ^.Ja o ^_SL>iJoj 

.(^o^-yiil) oLuJalll pJax-o ^9 ^ U..4>J 1 olJJp 

Ajjjli ol jLvwO 1 — SLjLSLwO L^— Lp O j_*aJl ijjJ S^Lo ^O t J-Oj ^<9 ^A 4 JI jJa-wu V I (iif^if) 

j jLil jj 0 j_>l jj jjT (Lro*" j .iJ) j../2-l' ojLi^/l oJ_Ji ^j_o 4_^-LjLo (^L^-pl C->l^ L^— 3 4«o jjJj>- 

j j^Ja ^Xa- oUl jJg-^o V ' C— ai j .JA-1I o j 1 1 j-L/?,.. 9 L^J Lai j f-Lx^- ii j-^j c . j j— aJ 1 oljlyxAlS^ 

.(^o>- jd,l) 4,..— -.Jaxil 1 aI? 


32 


^ JJl c <L> cjLoj ^jlSJ j/ I J ys>- j_>-I j 
.LajjL>o ^jUJI pL>-Lp- L> ^ jp~-\ cjL> o.Lp <u>J <. Jl cjLJj 
Ojj>- ^_l_Pj <LwJa.ll j A_>^Lv2JLs'y 1 j <LwpLoJL>-'y 1 Cj! Jj>cJwoJ| ^Lp J^Laj-eJI <Lw*-^9 

^al^Jl ^Jj>cjJl <LgJ>-l ^5 LlJ^- t CjU J ^X5\J^M Oj kC-JL&J’-sJ 1 oLj>cJl 

Ll^ 3-L v 3 <LJL>«Jl cjJUJI jj ^-j . ^-) jjLJI <lUJI j ^L*Jl y> 

J) <—3 j-wo Jjl <LoJ> jl C ^o^Jl y» oJj ^ La j/ 1 jj>o 

<LwwCJL; ^L>-j .LajjL>cJJ <LAj jJa y jj jl <L>jjLJ| AjLcJIj i ^Lw*«Jl 

O j_P j-oJl CjlJL5Ja^/l jli JjUdl ^3 Ual jJ| <LoJ> jL> jjJ_aJL*_> ^jjJJl jijjjl 

. L& jJlaUco jl y* ^Japl 
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iyiUl ai&JI *ljj ^L-Sll JUI _3 


36 oUj /&>'! 

37 ijl ol j-Ul 

39 obaj^Jl 

1 1 j^L « .Jl 

42 j :>>■! ilj^> 

44 Aj Jl oLa j la ‘.oil 

47 o>dl 

49 fji ^‘L^JI JiJl 

50 oa liLJlSL^Jl 

52 obj.ira.il 
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A*J>-I jA J—AoJl ^jA AjI Ml ^j| Ag- jA V > LxS^sJ I I-L& cl)T 

. cj1jj^>cJI j oljjJl ^JLp ^3 jjJl c)^ A~waL-aMl <oo-L*Jl ^^LwJl ^jA 4_*_^2_i 
3 I j~oJl ^_Lpj *L^Ml ^-Lpj ^-Lwo-^SsJlj ^a ^Lwo-LxJl ^^LwoJl oj_A ^jIj 

£-a ^^JgLoJl AJjl_>c_-a d)j3 A_P ^^LwoJl 0 ^j*g j-xJLa~u i-_ 3 j-^aj . A*-aJ_L^_Jl j 

0 ! 4^j>-i j^>ji ©j»A ^a 3 jfr.-yg-4.oJ li .Lo-^Jlp ^_l*ji ^ ^-L?.lj ^jjji ajlmij -ljloJi 

^jLJI /t-Lw*Jl 4I Aa jMJl a^o-a! a-oJ-*J| ^^LJl jjtSi '^ J>z ~i y* ^J yr ^ 3^^ 

.JaJLs ^joJ3l*-a j— a AoJ i)j^j ML -L*j j 


oUj^JMl 

^a ^i_vgl 5 jJ>-j ^J-P AoL^-aJI AjlJL>cJJ A> Jj j ^ 

<Jiva > c-^J' jj jj jjJj j-J 1 Lo-& jLJL^gJl jlJ-Aj .ojJJl 

olSjl j_SDLS") ^ jJ>-l aj j3 l)j^ oLo_L-»^>- <L< 0* (1)1 ^_^j>c_v^ .(Lo—^_l >3 jJ 

Jg J ^^>-1 jjJl Ot>Li-o— > i)j ^jlSLJMIj 0 j-jj j-JI < 1)1 c(L& j-wpj 

. <oLoJ ! s 4^? jJ <Lsj*yJl oLL_~>Jl 

IwL^- v A«_A>- jjfc J C ^j-) 0 j-^Jl ^j-a j^i^A 0-3 J ^3 Oj ^ lS\JMl AjLJLlSl 

Lai . 4-JL-a AO>s-Ja clLLO-Jj C (^j^-JjO^Jl 0j3 (^1 C 0j3 j*-*P 1 ^j-a 2000 _J t. AP-l) 

^_^3 . A^>- ^*a AO*e_Ja ^iLLOw-S C ^j«c>-^j-L^J 1 0 j 3 aLx 5 " A—Aj ^-Ul C L) ^-Jl 

l_A3j ,^2_x-Jl Lo-^-yg-X-j ^3 jl j> yi Lo-^jli C <^ 3 j>~ Lj>- (j-°J “* 3 cjL>- 

aL— aJ 3 L*-oy 0 1 dJJj ^j-P j ~azS 1 • (> _5- wfc ’ L-a M 1 Lj L ^-^J 1 0 j-aJ 1 0 j-> LjJ 

. Coulomb’s law ^a jJ ^5” jjjli LLg-1 

0 Jj-oJl 0 1 ^Jg-O 


^j-o r L&jlj-Aa AiL^wa ^J.^_4 j La_U_P 

-p' = QiQ 2 lr 2 :-; Ly-s 


o Qu c o-wLw>sJl ^j-o aJ-pLjJI o j-iJl ‘O. 

^rtH ^a> rj t ( LJ I i^wwL^^cJ I A-» 


Q2J Jj^l 

OtS" 1^1 AjI Jgj>-M . I ^j-o A3L^oJI r J (.^jUJI A Jj>0 

0 t (Lygjl Ao-%jiJlj) s jloMl ^j^ 2 j Q2 j Qi J l) j !>3 y~>j L)L>J-^vsgxJl 
. 1 J— *_) A*3JJ ^3 A^>- j-a o ji jJjJ LawU-Pj . L_>- ^a 1^ J_P Lo-^J-o 0 j-iJl 

® jJLjo AfjlooJl oLo-c_oJl ^ oM L^_y2_*_j /^-a < > 1 ^lsM 1 olj j ^jlSvJMI ^->0 Mj 

A-o-j l)L 5" l^l . Lyg_> I ^j«v^SL^Jlj . (1) L^_j LJlwLa jL^JgO^a jJLOj Lo- 5" LaLo-J 

Lo-A-L>-1 ^ >-L>- J C A-JL^a Lo-^_Lo 0 ^~aJ1 Co LS" 0 Lo2_ijL>c_-a (jLo>c_Jj Lo—^J d)Lo-wlv^>- 
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. v j] 0 jjLfl J 0 yS>V*~a 4j>c-Jo oJjbj . (. ol_>eJo oLj>c_*XJl 1)1 

0 yj*^2 ^w2J I y*J 4_LpLjJ1 0 jJjJl 1)1 Ls^jl (— jS (j ^jli £^U_)J 

^SsJ^fl jU 1 -U .(o j^S” ** ^.-ygj IawD-P (^1 ) 1 ^sLS" (J^**Jl Lo>^-yg-^-> ^P lw\_*Jol l^J 
Lo-^JwO <lLs^La]| AiL^oJl ^-v2j l 5^ >_ 1 Lo-^Jwfl .J^S" £-i-A_) t^_3 ^-w*( lw\j>- yj j^L>c^oJl 

. o2y£j Lo-^-La J^> ^_xJw»3 C 4 _Lo-£a LoJfc jiljJ o -Lg»- ^Jl o j-^" 

C_j2-v^J -A-oLoJl 4 jL9 ^jL j^_S" jLJ Jiw ^lp ■'’^J LoJw^j 

. holes y &S Li cjLp! ya]\ trills .L&^ljj L^LL>o ^Jl cjLp! jjLU ^va>6j L« 

Lg—3 j jJsJ 1)1 (w*->5_> ^ULSn-aI 1 4_^LuU>- CjLo^_^v_>- i > j_JLxJl 0_~_J j 

4_^j>tJu 0 I 3 v > ^JLlII j-jLxJ j . L^_Jl <J j-s^ 3 jJ 1 (JjL>cJ oU j 1 j c olJj jJlSU J 

olJ j ^xSU^Il 4 _p 4 JI ^Lp ^iUl jLjjI ^JlIpxJ ^IAjLSIaL 1 jJ <. <lj>- j-a 

ajlIjla! l y a j <• (aJLJI oU->c_axJ1 y* l^I) 1^-^° 3 ^ij <u-9 1)LS1 a ^JJLlaJ ^iJl 

0 j^j l)L5s^s 1 AA ( j^ULoJl 4_jjlla_} ^>Li«wJl pj_>cJl 

cJLiu'yi j .AjjUa-Jl clilj ^ ^l*Jl 1 filial t (<u>- j*a c^lxp-t-Jo) 

.1 -A-oLa ^\-q»P (^^jj 0^1.5 ^j*»P (J^3 -AJo 

^/?1 jJ>iJl ^j-P l yg. ■> 1 ^JjJp-vwA OU J yy~*^ C ol jLJl 

•tJi U J 0 1 y y**> U Ia3j c Lg-'J} ^oJUj ^lll oj jiJ 


■Ja^>&j 

•Q~ ^ C— S' ) «— l i— A-V^l l ^ 


1 j *aJ 1 

sSj lUjI^ 4»Lo2j <\JL-SS 0 1 yj ^yO SjjJJ 0 J^_vg Jg^w o 1 

Jl CjI^i CjIJ J y^U^/1 4_P j^o*j>c_>3 LgJ ^g*“ JjJu J L^J 

l)li t 4^LijL>t>j obj>t-li olJj jJlSvJ^/1j ol jjJ 1 iitA-^°l ^Jl "l j-la_jj ^Jl5sJ^/l 

jLjj (J ^>- t^S'l ^_SCJ 1 aJLaIJI 0 ji t^ 3 -^ 1^-wA^j A-JL> j^S Ul ^ ^a]1 

4_]U>- SjjJl aAjlS y~a 1999/2000 j-^—> <£ I t oj^iJl <=l_Ljl 5' ^ Ja 31 jjJl 

•iS ^w2j^ C ^^>-^jwLgJl 

oljjJl oj_A ^>3 J t4_*_«_JaJl ^3 oljJJl ^>3 l_P 91 «LoJ 

4 j^>*^ 2 j C- 5 ^i 4 J^>slJl ]1 jl J_i >3 ^1 J-> 


jl> Jj-aj L yj_w_li c_^AwL« j_a j i ^_a> Jm I jli£ oj j-./g.ll o -L a jliJjll jUjLxI . solipsism (i|c-) 

L »-_^A-ill 1 -La J-Lu jJ .$y>- jJl -Lg-jJ. 3 j£- ^ I ^J^*2 LaI j— *> La ij!_$ t JaAS oij^>- jll ^A i jjLdl 

.(^>-jxLl) i _^-j djs y° j! ^ Oj ‘U-jLojj jLlii*yi *^1 £* 
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0^)3 1 ol yj 4_0>e_Jo (l)l3 loj C 1^0 03^J>- COll ^-Jl 30_P < 0 >- ^oJl ol ^jJl 

^*0 ((*++') °j-> ‘-O tO WO ‘ + 1 l£j'-~ j (j-rju-O' O ^j) 
.^cJj . . +3 ^jlO 40>0 Lj (j> jOjJl) 0 j 3 CO+-I OJll ^jL> j%-j c +2 ^jLO 

4_>j j-j 4J >j>x-J* Oi_Lo2 I ^ j_olj j-Jl oj3 ^A 4_*__JaJl ^3 o3jJ>- j-a o j3 ^JJLj I j 

c43 ^ij <1)1 ^1 c +91 ^jlO <1)1 ^p>&j LgJl cool? ciiLsJ) +92 (_£jlO 

d-LLSOsljj .(^L^Jl 30_*Jl 4 _sJj>- [S ^2-^j t ^1 

^jjoJl <Jjwb>cJl O-lb JS” *Ljj 

ol jjJl 40>*^Jo COlJj ^JL^J^Il 30-P ^jL-j C 42 ^j>s_20<>Jl j-*-^ COljOJl 
<l)j 1 ^wf-jjO^Jl oj3 ^3 Oj>-jj .(1) jjj jj JS" ^JjLLs Oj ^S\Jj c LjLoJ 

^3 j c COlJj 42*>VJ ^ ^-LoUl ^_9j (■ <l)l2j ^ oj 3 ^3j c 0>-l j 
coljoJl oU ol jwJL >c-a l^ls” collj ^iSU^/l colS" LoJj .ilj j^SvJj 92 ^ ^-uljj-Jl 
cob *}b_l3 j*S 1 1 >j y&S' o j-^2 ^_3 colJj joSU^M ^jjo ^SL!l 30*Jl cob 

.coLj ji^J^fl j***/? ll 30*Jl 

(coll jJ j j-^1 30*J) ol ^jJl 40>^oJ jL^vw« COllj jJLSsJ^/1 30_p oLS” blj 

col jj 30p <1)12 bjj .ion o3jLJi> SjjJl cop3j ax>c_2< ojoU col2 

o3jloJl jj c 4 ^JL-*i <u l ^ J 1 oj JJl <Cj>Oj cols' olj j2 j ^Jl 3 Op ^21 

cOv^SOol olJj 3 wLp j-^"^ ol2 jj j ^-^1 3wLp oLS” bjj .4«JL^*< L^_>Lj 

j_*_s ^1 0 jbvJ (1)1 < o>- j-oJl ^jl j-*^l . < o>- ’o 3 jI_JL!! cols' j c 4JL>cJl 

c ^J^l l^o ol j ^SUVl 30 p o V c I^vOj ol ^Jl ob SOU^Jl oljJJl 

.o>- j-oJl 40 L/ 2 JI lo-coJl LjIaj ^S1 I) jS2> ol j ^xSsJ^ll dUj oVj 

I^jUj ^ i^Jl l^vj ooL>c_x*J! l^Jl j^Jaj jS\ 0 ol ^Jl ^JLwvJl 3jl ^oJl 

^^i_^Jl 0j3j .Lo^SJ yLa jj\j 0.1 COljOJl ^vo^|- jlia^l (^jl-^Sj .oOljJl 

(. > f. 

J^S\ ^ ^ 0^^ 0.1 La jJg-3 i^>jlJL>^ c oj3 ^-i—s^l 

coljOJl ^wo-> coLw^Los <l)j <^1 .^o» ^-jll 0.22 L& ^Jg-3 •. > j 1-+0 ^ colj SJl 

j_i_s^l t(SUv?l ilMJ ^jLu J^jLp Lo jju cOj^oJl 

.LojSJ coL>- ^-Ip j (_£ jjUI ^-LwvJl oL-^lio 

^lll A^wJaJl ^>>j>tJ OwoL^^yi ?-loJl olcJ oj3 (1) jjk*~jj (_22j>-^ll JoO 

ol j-^^1 o>b oloJJl Lp j_j 91 o> 2 ) <1)1 ^J^-w^sOS ol ^/l cil— wLp L jsj .LaI j-i 

c_-p*!>l»j oL^jj ^1 j-jlj bljO>- ^lo ^3 l^L>ool l jSLo-> (^5^^ 4jiJo>c^Jl ^l>&^>- v yij 
. colo j^>cJl ^jj jSol l*-o oljlil ^^>0 4j lee Ioaj . ao j>j 
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o X& *LJl AAj Aj L^O ^ A^O L A„*0 ^ y*<b**y f 2 <■ A 1^ 3 O 

(ji £-aj . C-3 La-W 1 v ;l*Jl CjLp j^j>cA ^a AjsASa^A Lg_> £_<o>tJ I aJL jJaJl 

^Ows^ aAL>cO Jl £-LwJ Lo ^JL <r (_£^ £-1.0 Ajl3 p|^>-'yi 3w\_P 

.*1^1 ^oJ>u aJL> ^_ i? ^1_P 3 j-fl-^Jl A_*-oLo*yi A^oL^ojJl 3 j-o2_Jl A_*_yg_) jLi?J 

^3 L^Lo-^JL^'y A_a_ljL>c_>i oj3 91 c 0^-J j-j LJ I Oj-uLiJl L^_*ojj c <L*^w«JaJl oi-Looj 

j-oLlU L^jc-LjULj L^_>j L> tj>- I j c_i J jl>e_j Lgol *yj c Lo ^JL> j_5" L^_*-woo>- c *LbJl 


aaL^-c^ji cjioj3>cJi 1 A^jj .l^j iuyyij ^ ^•-'yi oijjji (J^lj^oJi 

.^Lp J5 jl Lg_ba C->LLoJ| 1. fi-JL^So ^Jlj C Lg_ba o3 j_*J 

jUa^l jjjjj .Sj3 21 j 2 ^j-o cjIjJJI ^y» 3J_p ^a o cjLj y>- 1 _ 3 ^JwSLjlII 

•J^A ^jL 1 ^^P 20 ^jA Aj j^LoJl ojlo J^>cJl 



»l */2 > * 11 ol j-5LJl jJur .aouLjJI © j » * *^2 )l oLsoj^i-l .j/? « . ) ^oL«J ! 1 _ 3 ( J-SLjJl 

L^e-^'yij j ^ j^JI ilaUJl jicj 


Chemistry: The Central Science, 9/e, by Brown/ : j Jo-ail j-* jJbJl jb aJLsI y» Juo Sj jwaJl 
LeMay/Bursten, © Pearson Education Inc., Upper Saddle River, NJ. 


hj\ j jJl a_LJjl>co5 ^1 j_j 1 *L ojj .ol_L>^>Jl 0 j-SLJ L*_>j oljjJl Jg^o jJ 

olj j ^_5sJ| ^j-o aJ^LjuJI ol ^JLJl o^~— *~o ^J..^. >cJ L^_>l 'yj (. a^jLwow^SsJI 

s— 3 j.,^ I o3^LjvJl 0^ 0^ L— » A-S* ^ La-vw^oL 1 3^1 ^i i*.iv. ) ' ^\ o-**l^w\3l 

v oL>ejJ I 0 j3 t)L*3 lol J Jii J .cJlLoJl 4 ^-2Lo 0 jLo «-a ti J3L>e_o 
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(1)j-SLj (^-Ul <— oL>cdJl LaLoJ j_fi> l-i_A C ^j| jJl ^3j .0 jL j-S" cl) ^li ^3 

(1)*J>LpL2j L o~fi> Jajlj jJl d/d j-SL> j j~+S j ^vaJl j jJ-^) ^ L^_LaJ I ^_La ^ -IsjIj j^l 

jl t jJl ^-p LJjj^v-oJl old j ^jlSsJ^/I d)l ^ j-^j . jLoL-o—S^ 

oLj o-Lg_9 c Ja^lj j_U .>.lg„>cJ j\ 3 ^>c-« A-oL-o-^SUl Cj*)LpLLJ| 

I^Ls .oU-)J^>Jl J CjIjJ-U 4_-$Lwo— $\J l j->c_Jl ^j-P l yg ■>! 


d^-a Jw5\_9 .j-Lta ^J-P ^LjJaJl ^L aj t ^?IjJ>cJ| CJjls* oL) j^JlSLJ^/l 

l3| (1)L^*>U ^Lw*> i d)lJ^_5\j jljJJl <1)1 ^_v2_l*JI Lo-fi ) j c j jJlSDI j ^»^-d3 j> -yg J 1 
.l*jL-a lilJwo (l)Lla^_>j (1) \j-o I Lo.^ 3 L*-a Lt4^" Lo-^JjLJ l3j L>l .^3 ^yiLa Lo-gJjLJ 


t L*J) 3jl j-jJlj CjIj-U| £-o->cJ ^_£3 . L_> yj LJ I LjLfljJl ^\sJla ^J£> JajIj ^Jlj 
( J^L>c^oJlj ( Jw S ^LLoJI A^SLolSL-a ( J^o-p - L^Jl-L ( Jwo»*J <1)1 ^5Lo->j 

jJJjj L> j j5LoJl ol^-^j>t)Jl Ll L>- ^ j . ^liJl L> jjLJI o^y j\J L> j-j-Jl 

Slj^»Jl J-jL~<j Lf-> j-S’ Js-jljj-Jl JJ^ j ‘ ^ ' a i <■ W-~' J ./r^l (_r* 

^fi> oLj^^JI I) ^SL> c!— >- t jjLJI ^-L~Jl L«l .o*>LpLLJI ^I-l^-Ij 

.oj^j>c)Jl oLi y* Ls^jI cl) ^SvJ L)l JsjIj ^JJ ^SLo-3 i ol^-gj>&j| 
LjJ_LPj .o ^j>ol ^J^Lja ^i_P o3Lp o3 jjLwoJI o j^_y?Jl CjLj^>cJ| -Xj>- jJ j/ 

^j-o j L^j-o La ^3 Ll^Lj^a ol ^_o L> *LoJ> j j^SL> d)l ^j_SLo_) c L*-a oLl>^>cJI ( JjlSLo 
oljjJl d^ 0 LJ^LjloJI ol j-oLlJI JjLoJ ^ ^>-^1 c^Lxj^_>cJ I j 3jl j_^Jlj oljjJl 
f-LoJl Jl t I jJ .(1) jJ jS (1) ^jLaJ La3jj 4_«jL j-g_ 5\Jl oL^>c_*Ljl 4_ia-w-l J_J 

^j-a ^iUl d^^-d t ^LLa A3 j_iJl ojl ^J>- A^>-j3 wU-P ljl_P (jj^L) 3 jjLwoJl 

ciD^ wL) ^J*j>-j .^LU I C f-La o J_la3 (1) cl)l L*-a 4_*_o^cJLoJl a-LoJl CjL->^>- 
t— 1 +.S 2 1 1 a-LoJl C-iJLo^ . L-Lv^ v2_> AjjJ-o-JI jJL*&l . Jl 4 j>-j 3 (1)^3 La ^Jl ^JuLwvJl 
d) ^sj> oLjj^JI d/^ t Cy* ^^^11 cj^L^xJI ^3 ^jLiJ lj ^JjL^JIj 

.aJL>cJ| (^_9*>LL>-L < ^JjI jh J L^a La j J 

^Lj .L^jLaL>j L5" ^-L-a js>-*)!\ olL)^>Jl c1LL--jj 

L«-a iJIjLXj^->cJ| ^LLIj d^ 9 3w\_P ^o>^>cJL) La^LLP^ l o3Lp IjLp d)^-J ^1 wL— wv^l 

oL->^>- d^ 9 L)^-^J cl) I d/^-^-d *^-1 -v^-l I ^1 j-oJl ^y3-^j (1)1-9 l-D .^_3L>- -A— L>- d)^5Lo 

d^-p oljJJl d^ ^^a_p d^ LJ ^SLaj o3Lp o j— *_v£? oLj^>cJI ciLL> d) ^5 L>j .Ja_L3 

3 ! ^-a (. CjI ^o-J J-J I vJ t! J^S I 1 CjL->Jj>cJ| La I .A^-oJl 

.jjLJl L>-LjLa ^jLoJj c LgJl jj A^Jli 
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jiUll 

A_*^JgJl ^3 S3 jj>- j-oJl 3 j 3 d)j 

^Lp ^ ^J_>sJ 4_^j>c_v^ A»JL>^>- l) j-SsJ (1)1 oJ-fcj .A_P JJ CjIj3 

Cj'VLs’-cJI ^.J 2-*~a • <£ '-*' v0 3 L^* (-5^^ OljjJl ya Olj3LoJl OljL-La 

y2-*~+] ySL<*j l)-^3_<iJl . J^l^Jl ^o-wvJ AjjJ ‘Lx^a')! <lJ~P ^jJl oj-A ^.yAj 

olJj ^iSsJVl k. aJjJj .<JwL*_oJl y j-y^" «i5j->^»j aJ| j3 <1)1 CjIJj 

J-*J j .aJ^>s_JL)I ^JJLjJ l3Jj t A-o3 J ^i! ol jLjJl a 3 ^_>eJLoJl 

iJ y>zSj A^jja I jLUjJI CjLoI y&j A3 UaJl ( JJL Js? jJaj>- j <3 jIj ^^_ 5sJl 

. IjJ-m j+s* a_oL j_^5Ul cj 1)j>c-*xJ 1 L^-3 

■» f. f. . 

cci j p a aJI ^JJL>cJ .3 wL>- ^Jl ^w>cjJl p^a-p lj~& (jj_5\_) J_£ 

J_A k_3 j-s/a-oJl C CjU J t olj jJl |t— * A-3 (1) jPO j-oJl 


^3 333 ^o^-> 3 jjp .^-j-j-^Jl ^ 3 Lyfl-13 *y 1 jLl?^/ L 3j33 j*J*-p aj 33 t 3331 
Jl^l 3"^ W ^"’' J ^ t ^ Jij^l ^Jj_ >-» -v2- Xj <P ^ v fl -o3 ' 

aJMp jJ y £jUJl ^3 A^_>- ^1 p \ jiJ 33- ^3 j • < ^>“33l J3 j ^^^3^3333 

cii-li-v^ O- *Ja.3 3jj .^SLwOw33l ia_>l j3J lo j»aJ a3_j3w4 33>p1 

1)15 ^JJl ^-L-oJl ^-lp 3^'^ ^ dJJl ^-3 J-^LJ cLLjLs c ^_3 jP,x». 1L) 

oJ-& ^rt^ - ^>3l 33 JCJI AjL* 1 u .SJ^liJl ^j>P jJajJ 1 ^Jg.a,) O"'- 5 ’" ^ 

aJL>cJ| L«1 .JJLjcJI y~Py J^_P 33 JC 0 (^^iJl ^3^ 4*a jJaJw<3' 
^>- 33 JJ cjj>o i3^ L ^-3 c aAjLa^JI 

'y j_i . a3»3 LxJ I j*s> 3 I j-^1 (^1 t a^j3 jy 53l Jjl aJL>J a^jLJw^ <• 3^<3J 

. wLjJo AjI ^y| t lwL^>- A^_jjJ I I-L& 1)^5\J 

AJa^*ij y yLyy l)^-^-<3l Jg LaJJ-P aJ ( j^L^-oJl ^-.la.x^a 

<Lo J_*_oJl OljJJl (j j3sJjj .A_^3 Aj_aJJLoJl CjU J ^ 1 ^ 1^11 

^A^'yi cjo^^Jij ^u^yij ^j>cj 2 jij cj-ji 3 ^^ l 5 ^ 

^ yL>t-J ^ aJjI_P 3_j 3 ^l oJ_A <PLP yj .yP~^\ J 3 ^-^o'yi jyA-***> j3Jl J 

oil J ^xSOj 3jJ>-J ^wL*J A^^y ^.P 3 ^_ 5 ^J . AJ^j>c_aJ^3 I 0 ^>- oil j 

jU a-wv3j (1)3«oJJL I j-35" ^ 311 . L^-Jp .3. J ^ ^3Jl «=- ^331 ^3v_*J 3 ^>- 

.ajjjLJI aJ LidJ 3 wJ>- ^Jl ^3 S^LJl ^3 oil j 3 ^^ 3 ^>- jlwJ3 
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C AuL^jJl A_^>-LJl ^y> ^lp L>_^aL<C-kl jL^jLJl AjLAJIj *J**Jl ji 

A ^oJl ^Jp- y~~*j y& jjjLwvJl ^3 L*jLA jlS" l »j . <ul_v^ LaL~a>j Lg_> jA" y-^y 
IcJLslJ Jij .calSwA cal ^Jlj jaL*~<Jl ! ^1 j-oJl yA o calxs Ca jjJ 
.^o J^>- S )!\ ^jdJl ^Ap 0 jAaj ^AIj k— 3 ^Aj La ^3j t j^l*-oJl 

(plastics dlc^*>LJl) jJl^AJl ^ Ip^Ji. ol^Jj-Jl £l y\ jtS\ jl 
calc^J- LgJl ^Ap Jus'Ll!! a_jJ macromolecules o^S^ Jl obaJ^Jl UL^I 
jLjNI L&! ^A5J L 0-1 0 O-^J Lg_>! ^yj) cjl>jj>cJI ^-o L*_^JI j Ijj>- 0 

SJb ji A^LlJL v fl-yaJo Aj^ j ^jSJl ^Ap Cal jJl ^..la.*a> . ( <0 ^>c-<>Jl 

JlSJcl ^a 4J j)_SJa <Lola*j Cal_!Lf^a>- Cal ^ o-J j_2l J . A_*^_i2_> ^a Jajl ^jJJ Lo ^JLj 

JSJc Jlp l*~a A_U^2juJl (monomers ol^jJ j^Jl caljjjl ja oj ^icja 

i <1— *— * <1— 1 y *. !l yA ^ LS t ,— 3 J L .% •<>. ! I ^^JlP J » A_l, <i^«. 1 *.»i 

.AjjJc^a MljW J^*>LJl JJcS j c AJc^Jl ^jJI ^cS t polystyrene 

ia^J jJ Cal jA yi j-<Jl (jl 'Al& J C CAjI-CCj jl Cal J ^-AJ yS Ao-fJ 

^J^wOJ jAjAJjJl oJjwLjJl Cal ^ o-J ^-J l^ . ^Juw*> *}L*J I Jajljj aAl^I yi {£ J^~\ 

( _ s 1 p t .ia. a 3 Lp^-w»-*» A^jwL*_oJl ^1 I ^-LS"Ly t^_3 I 

k 3*A-^-> t ^->-1 A_Aj j_la <^jy J .Al-^L>J| l *J?,J 1 A_j*A-v^ wLJ^I ^j>“ jV I 

^ j^.L>Jl (J jS" jl (^ipL-wvJI) a_L jAail aJj ^|L a j-Jl 

Oj ^J--JLa j\Jl Cal j-o-J jJL a I ^oJl ji_L) ^o^Jj . aJI jJJl oJj -LC ‘uJaLL^a al^-a Aj^-^-a 
polyvinyl chloride (PVC) JwJwolJjJl j yiS x>uy amorphous 

. ji_>LccJl Ju-Ljjl J J--AJ ^ lLa AP jJCa ^ ^-Jj^a f-j-Clj t^-oLj'yi ^ 

• C^Ap" ^y I ^ J lP ^^A^-^a'y ^ ^-J 1 ^ ^>a ^ ’ S| ‘ - ^' -oA 1 ^^-*> L^D 1^ 

c jj jJl j polyethelene ^j-AA} ^ jJl L^a y c aAl^JI cal jJl 

^Ap A^CUJl Cal ^OwJ ^-^1 j y^~> C j^l_*woJJ li!A->- J . ja y-^S' A-^kiwLL^jl jJlJlAJl 

^ yj ^A <~J j-liL) Oj ^-w»»La ^_5-o CaLjj jJL^J^Il jV ^yyi AJjLp j j_SL Jl 

J jljp ^IcJJl cALv^Jlj . oaLoJ I j-^p Aj ^>=-j Jl ^j>cJl ^JaJCvJ j L^Jlj^ 

LJ Lasjj .AdL ^-gAJl J'A-wa'yi c-AA-iJ ^3 L^lcAcc*il ^3 LvAjI c_^-^Jl y& ajAJ 
^ jJl 5 ^-a A_P yS^/3— o^l 1 ^ jo->sJl OjljCa L^Jl-Ca^ C A_pLAJ ^_jlcAJl C«-«»wJ C ^3 y^A 
.polypropylene ^Jcj^^JjJl ^c^<Jl J^>Jl jl 
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4^sL^Jl ol J J-Jl <U»J ( 1 ) <U^S' jjJ I ol ^o-J j^Jl OjL> 

DNA UjJI c^LXj^j>- j c o yS c^ISwJo {_y*j ^JIp ^-9 

oL^JL-Jl ol ^wL_*_JL-aj C 0>Lj -_J J j_-_Jl J C 4_«_j|j j_J 1 CjL^3 j__L_* — o-J 1 — <^-P>c—J 

.^LJl ^iaJuJl y Slj-Jl oJl & ^jiSU cJ y* j .polysaccharides 



Sji 28 Id-A |» 4 -LwL^ yo j***"* -2 — 3 

^3 Oj^ 1000 ^j»a c£ la I C (<uLaLp) ^)yjj£ 

JL>-( jJi iaj^jJl 


Chemistry: The Central Science, 9/e, by Brown/LeMay/ '. y> j-J-LJl SJiil j_* JUo 3 j jwaJl eu~. ~_iil 
Bursten, © Pearson Education Inc., Upper Saddle River, NJ. 


ol J y> y* 4 JI *yj 1 l* y^s* ^-g_5sJl ol J j_J 1 ^JJLJ *y 

o J j <ua^aj>- CjI j-o-J j_*Jl j-« 1 I j_kj . <lLs!J *W?l_>- 

'y wL> L^JL>^Ua> 1 1 ol j^J jJl <usl_gJl c^La^JajJl 

£_Lv^ ^-3j ** *L» l) y^^ <l)^L*-oJl y» 

. Lo-A ^ <0^jljJl 

. l^. ^a 1 ^_9 4_3 ^_llwo«Jl ^1 ^_^>_]| yA o 
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wLww*iLS"! y* c LoJ>U c LJIp cjLSUwU j«w-*J1 o j^sJj 

AjaUp»c-4 ^1 y\ ya CjISwjI j *~, Jl ^y2jj .If] Aj ^SU oJl ^L*Jl -Xp>-I lf3 

^ip (_J^ ^ ^ *)i i ^ip J u^p 1 u 

-A_*w-A) l^S” I ^ 1 1^ -A> w\^-A*fcSi ^ ^ ^ 0 I ^ ^ J l—O 

_j ! ^p ~p^ . A3 ^JLoJl Jp*>LJ| cijL^wJg-j ^3 ^Lwo— k'yi y^ <\s>-j5 ^_Lp ^ ^—wvJL^Jl 
y*^ IjyOS^ja cLLU^-aJI ^ oUj^xSsi^M ^yU t j^l^JJ li*>\_P“J (. Olj^o-JjJl 
AAjU ^Jl3I JJ ^_*-a/2j djl^wU Jl y^L*-)) f-\j j-f^Jl i^LL^jI y^\ ^JJLXj 'V lUJ_2 t lfjlj.5 
Owb J-Jo IfUSU t Ail^-J ^-sP L» j-o-P 1 0 wb J_jJl Ojl y>cJl oL>-j3 -Up 

CAjjjLJI Aj LaUI ^3 lf» I Jj>cU-w*> I AjI-Xj ^3 <l)*y 1 .ULj>-I A_JL&j t LJLp ojLw— a]| 

.‘L-oJaxJI CjLvSjj^uJI oljA-Jall oJlp! j j-UJj 

0 \ c ^1 yoJl |*-Lp c.5^ 4 -*jUxJ| aJ*)UJI ^1 yoJl ^4 jj! O^M U-JL 3 U -XaJ 

^^-IjwOwoJ I ^U-3 Ls . LU A3 yi LoJl ^ly^Ul ^—1 p— j-Lo Ua ^ < _i w P A_Ul3 U^U I 0-A_A 

C__— JLp»eJlj ^^_>“JJL]| J y-U-Pj ^J>cJl C-A-^PjJ ^JjLoJl ^2-wJl ( j-J>s_aJPJ V 4 j_iJLj 

j^S y* AP yX-yg-fl ^f3 • 4-^U>tU>J ^%P L*— oJ>- yb jUs-caUi^I ^Ul-JVlj 

y&J Lfjl_jySU« y&\ y>- ys> -4 y-oJl UJJ-j ^y\y>-j c i-l3Ljy5Uo-Jl y>j 

^-p ^-jl^^Jl o-i— . L*_^ t-ij I i-fJ_I_} ys> a_^>-j>-1_xJ| oJj ^_aJ| 

lf.oJg..x^a ^j-^] t A^— *»-XUfJl oljA-JauJJ A^-o-aVI < j-« A»Jlp A^>-j^ A—o L>t)XoJ I 

jjUi p_LJi y* iwo-Ai li 


4j j-wL-l oU jb:ll 

y ^3 — ip I j_v2_lp 91 — ll y*-* 

JbJbJl j cLbjJl LfUa t jilx<Jl y <2*~> y* aL-wp ^Jl ^Lu>cj d)L— oVlj 

AjjwLoJl ^>■'^1 y^\j^xS\ y^±s>- j ^j-»»L>cjJlj ^ j^lJuJI j ^Jw*Jw<>Jlj ^jj^LjLaJIj 

l» l) 1 .AUl-*_^ Aj y~>~ < AjLIpj Aj^LJ l ol-LwaljLoiJl A_Ap ^ o L>- 

a_*_) j I 0 j-^-Xj cjIJI j— p^cJlj oULjJI ^-]g-x^a y~* a_LoJIj 95 ^ 5 -^ *Xj 

0-i_Aj .(1) J_J j_SC]|j yJ>-J jSJ^\j y->r^~S % )! I J ^^>“JJwLfJl ! J-V^LXP 

^f3 .I-Lp- A_k-^vo ^_3Lw-a>VIj t Lv^jI 4_o<_Lv2-J! ol ^-o-J j_J| ^Ja_3<^ 

^uJl ^2_*_i f-LuJ A-^wJaJl l^iij t o-L)-X-i Jajljj yjjS^j ^-JaU-w%J 

Lfi L^JL-ai I f- LJlpJ I yJz.'Lyj c Aj j^>sJ I v Aj Up I yjas>z^} -LwA^jJ I A_iJ Li I Aj j_j UJ 1 

aJjJp~ U-jjL^-p>-'1 ^3 oU-jJj>sJ| CcJLLoJl ai ^Ipj . o-Xj-Aj>- ^1 j^j ^XyP.] 
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t. AjlJg jJl <x^J ^ *L>Lo->eJlj ojl j->^\ Aj>-j.5 ^-v2_^Jlj ^*-aOlJ| ( j_P 

aL^SLJIj ^Jl ^Lo>o L-aL~g-l ol ^ol j-^l Cx*J *1$-^} ^Lo»o l£ 

.Ajj^gxJl l^ioQg J -O 20 J L— — j o-Xa*-qJ| AjjjLJI ^-Jl j^-a Ax-^lj 

^JlLoJ IjJj t o OJL*-a oLu^j>- L« j-o-P ^^^-A A-*-wJaJl ^3 o ^ yx j-*-^ olojg>Jl j 

oJ-A ^5sJj .^j-u-O-^Jl A) j-yfl-*Jl *Lo-^Dl > P jJl ^j-a ^OSLI Ij-Lyg-a 

^jLs ^j*a y_3^*jJ I A_Lg—*>j £--<>->cjJl aJ-^— *> (1) J-SL) Ol >cj 0-OLa t, AolJgJ O L_»^>cJl 

Olj t l_v2_> I Aj j— g- oljj ^-L-s^-j Ol .l_g_j j-^*4 oLo^g- 

jl ^SLJ I A-L,— *-> A> ^o-J jj ^L> olOy>Jl oJ_A O— *-J IjJ . o ^^Oa I j^»- ol.} 0 ^SvJ 

• I — OjI^j — 0» I A*o. Jg— >..»..a X^* ^ *—*^ I X^“^ ~X LS^ (_J*^ ^ J ^ ^ ^-3 I j! ^1 JjJlS 

^-A I 0*^\oJl oUiJl . Aj j_^j>cJ I olOj^Jl y# 0 jr^-y^ olj_9 £_j j I A^j-j 

La I . Aj ^o-J jj y*j L*-^oJ>- ^Aj t OljO-A jjj_SUlj OloJj J-Jlj AOw^a^yi j-o->cJl 

^»Lg-a Ol^ AO_*-a o *_yg oLo^g- ^j-a i, fiJLo ^Jl Oli^jLo>Jl AjO ^£3 I jjl AjOJl 

.A^U- 

^a o j^w L j^Sjj LjliJgli .aj^>cJI aIxSvJ I ^Jg-^a oL-Jj ^Jl 

ys^S^\ hemoglobin ^jIp j-o^-)I j-J j J ^>oj t keratin ^Jl ^5L!l j 
y^ J x~^\ ^*>L>ool j_p J j j-~wa nitrogenase jlo_>- j ^oJl yj j yj t loo ^ 
.j-^jJl OjLoJI -Ip LvJ ol jJO aJujj>o j (a-J j-^-Jl -La_*Jl ^ 3 ) <^l j-^Jl 

t AO-Jg JJ CJj *0— ^*- ^-a La L q-j ^ j_^_4-a Lo-^-yg-^j (. oloJj ^j-a 0^1 A -o-jj 
(^ 1 tAj^— >cJl O^^l ^-A oloJj LoJ-P .Lv^-aLp (Jlj La ^>-^/l L^-yg-X-) j 

. O Jj>cj O I O-Sl I ^J-*^>CJ ^l]l AoLig jJl ^J-a | j^Jl 


J J 


i RNA L j-^lj DNA LoJl oLL>— *o ( j— <io a— OaVl j-^j>JI <— 

] ULoaI o'yi ^Lj L jJl ol .oLwJ j jJl ^-ygJ oLjj L-aM£j 

Lo—mj 3—3 JioJl ^-yg^>0 • '^2-43 UOJI ^03lj-j t—3 IJJ t Aj^jUI ^oJl ^_9 
aJL-*> oL->Oo iS x^h jSL-*« ^a ^ a^Lo ^JJl LoU 


olx ±y >■ ( JJ>-loJl jj-oajjjJl 


■^j^J 

(0 j3 Lg_v2_*_> A--*<-x5La • 

^J-^jL-a jLgt^JO i yJjJy ya A^CJ^O J-S" Oj5wj .^SjJl ^j| J_0> Joa 

{_y^ -3 ^ « is* ^ I C— ^1^^ O jy**S>- ^-■•*3 -s yg l Lo. ^ -s ■% .J JgJ^J 

ilr 3 O J-^ Ol Oi 'O-'J -lSj-^^' i^Ul ^y> ^^j-jjjO'j 

A»-J jJ AO-i L-UJ Oli C (a— J jJ) AojjAg^ AOJl 0 ji” (^1 tj—soVlj ^j-o-j^l L^— oL>- 
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jbJl jL_a (L» Jj>- LAjI Jwo-xJj) j~UJ ( _ 5 -*j .^jJ-Ls-Jl <L>-j.}J-a 

.cJ^f ' ^-O oAamJ Ij wtJ I L^~*»-.^t3 



O') w 


JaJa-^- (<^) iJjJl ^ -o-» (1) ! 3 — 3 

3JLaL*Jl JjjTj c S^LLlI ol j-^Jl jij: . L*-a ^j\Ja .7 ^ ^jw-wL^^n 

*)! 1^ 

Chemistry: The Central Science, 9/e, by Brown/LeMay/ '. ^ jb iiil j_« J_*_j oj j .,/? Il 
Bursten, © Pearson Education Inc., Upper Saddle River, NJ. 


4_>c_j j_Ju ^j_$G 0 l)I CJ— Lo j-aJ Jb j-9 IJjJIj 

.(GCj CGj TAj AT l 5 JLJ) oojl ^ U^lj (L^-L-I Uj j l5 JL~J) 

Oj^j c_3 ^dJl ^3 ^_Ssp-cJl c Ja_> J 5 

olj^Ssj ^-»^LUl y^s>r^.A.A/s \ i o'y dU.5 . ^-o-^ dU^ ^3 \$^>- 

_wvO 1 ?. A 9 oLoJj>- 4 _*_)jl 4 _P ^o^>c_^ ( /^a I jLl>c_j (jl 


4j>C_) 


adenine 


Tj A j ^1 cytosine j^Jl j guanine jjJl j thymine j 

. C j\ G _> i) LL-o^j c JaJLs Lo . ^ */? jo *-a Tj A la-Jjj . C j G j Tj 
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I Jl oU $ j«JL)l oJ-A 




. JaJLs L *_^_o2-*-> £^a C J G 


^-Lp c_^^S'I ^ ul o*i_& y . CG j TA . Lo-A GC j AT Lo~& ^Jl 

. A_> ^-0>cJl t. ajU^ ^Jl ^wO- ^*a jJ *-« ( w*-o jjJ LJLSj t i J jUl 

UjJI jJ ^3 i^L-Vl ^1 jjbl! aJ^L~j yfc genetic code j 

oL« j- L*-a j t wLJL*jJl oJjwLJj aJL j_Ia_> CjLLoj j_Jl j iJ I o l^JL 

.oLj>cJ| ^j-aLo! ^JjloJ CjLwOJ jJ| ^Ip ‘toJjli <kjyj>- 1 jLa^jl 

Cjl^wC^Jla ^jLp ^3 o5y>- 0 5sJl Oloy>Jl ^j-a AjJljJl AjijlJlj 

<LvoJkVl <LJLp . IJj>- aJj ^1? CjLo^>- 4j ^S va oL 5y>tA ^ 

ajj-^j>cJI a-oLJLj^I ^1 j_oJI < da_)jVl ^_3 lf^a->o j 1 a_^L> cJl oLT? jJ 

.A^^S" jjJl AjjjLJI AjljixJl ^3 £-olj cjLo-*JLol L^J ^-v-J AjI ^1 j>-*)!l 

l^_La (, |wL>- 0 j*J*~*j? y* Aj yj>xj I oLoJj>cJl ^j-a <C*_>| j}\ AjijLJl i. fiJLoj 

L^vwOj IjJlo 2^ (^jJl V I J t ( Lo A_> yj>z]\ i ftjll? ^Jl ^JcS\J ^LgJi) *LoJl 

j l oIjLjJI i j ; j ^ScJ j»l>Jl oUl > ^dJl wLwwv^S'l ^jLjj 

^ 1 ^ ^ ^ y^J ^yA l |3 1 i '■ ' -3 ^ 1 “A_^" ^ ^ ! i-C I ^ |_ » ^ ^ I 

4jU 5" J-^J t W^jUjI ^|-*-al j-oJl L^J-a 0 jtS 4j y*P- ^ J~° 

X^*-v^>cJ0 A-o Lv22JL) *)} I <AjLI? jJl i^^-wvo A-Jj>cJ| O^Lv^Jt)^ -Lu~» J j^ 9 

l_^_La CAjj^>cJ| CjljLwJajJi ^3 L^J tA-J-3 j^S”! J-^*"^ Cjlj-)^>- ‘CoJj 

La I I^WLJ jL La ^o-p ^3Li«Jl .j^ 3 Li*Jl OlX>Jj>- J A_la-^vvJl CjL> ^5wJl 

LjL^>-lj .^a_-JI cILLj (. aJLl^j ^_s cj! ^ (Lr^^ 

^Lp J ^^2-s^2J>tCJ 1 JjwLJa 0 jJ*^. 2 JI CjIXjJ^>cJ| 0 j_A Jj?LojI 


jl 


lTM 


ld-&j c oL ^ j JL5Lj.I oLsj^>c_LJ j L)1 aj \ Lo 1 j J_aJ 


L^_3 l) o3 J-*^J <• A^LLo>t-a Olj^ ^jA AJ L) •»— ^ j" “'J^-' 
0 ! ^_Lp ^ysj^j L) j_S” 0 j_j l_3 jl 1 jJgo j .oL j jJlSLJ*)LJ ajLLl>ui cjGI^_S" 

^3 jJ jJ 0 1 oloj^>cJJ c a^JL-sJI cjLo>e_ciJ| o-^J-pxo *u_>- ^_<>Jl o Lo>c_*iJ I 

4_3 I t (JloaJl • ( A-o J-^") A^jL ^ J^J L^_o2_*_; 

^ 1_p I^LojlpI L*-a LL?-o j_) ol ^j-SGo < m ji^S j oljdJl ^oo>tj a_oL_S" 

• A^-O I A»«^wJ I Ao >r -..^,.l I 
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o>dl uip ^ ^>-^1 <^->w\j>cj 

J_jJ— j> jj_ 5 L> (jl ^J^_*jlJiJ ^j-SLo— > . molecular recognition 

L^9 4^*)Lvv^>t_lJ ^ul^woJl 4_^*iLw*>'yi o jJfcUaJl j_&j <. ^j/?.>,^>.>cjJl 

c allergens oLJ«>uJl t Lj ^ 1 p a_lL*^j o j^S 

O <2 > „ 5 

^5s-wJlj ^_LlaJl jL-P oLws^l^^Jl ^j-^J • Lg-j jJ L)o j Lfj Ja-o jJj 

^ j ^-1 ^ b j *)} jS <u^JaJl cjU jbb>Jl 

.^Ul L^j 



.f'La ^} J* -4_3 

4-JL%Jij a*^>- ^11 S — ^ 5+ j r**i 

. Advanced Light Source, Lawrence Berkeley National Laboratory '. iail X*j o j j../? il 


A-bb*- 


ll^> A la **>! 


^Jfcl j_k ^3 i^_3^_*jJl (JLo-*JL^I ^j-Sko-j 

Cj l_L> J_p~ i 3 ^_*_j ^ ko ^JL> l— 1 - 5 " c lj»_jw\J 


^_3 tOL^>c_>J A_k 2 _^*i| yj 

b>blj aX*_^ij <jb I jJj tA^jV! o!jJ>cjaJl 

lwU_*_i *ULJlj bb>-jJl ^Jg.1^7 Ajda-w*>l . Ijo J j>- j-yajLoJl b>cjlj 

ol .f-L^-Vl ^JLp ^_9 I ~l>- j»L& c_ 3 ^-*jl!Ij .jUl ^j_p 

OJb blj . pheromones oL) j-o ^jjJl ^,5^^ oljo^>- tAkJj £f’ v2j ^ *k*-> 
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f -\ J OwL>J_P Lyg j ^-P cl) Jjj_3 c O-j jJo'V 1 ^_Lp 

aJL ^Jg y_3^_*jJ I <JLo_*o*iI Lyg_J ( oo_>- oLiL>) 

L^-yg-*-) 0^_*J ^JaO%J t olodj ^-Jl LgOjj to j_^_5sJl Aj j— > cJl olju^gfcJli .e-LoU 

<1)1 ^Jo J->cJl /^-SCoj J .^LpI Aj ^J>- oL.ya.xla L> ^A->- ^Lu dU Ju J C Lyg-^-i 

C ULjg ^g-dJg-J pLoJl C <ol_yg (Lwygl j_-Jl) ^j-*^ j-^Jl OLu J-— ** 

.*Ul ^r.jg »■*» ^lp y S ^ 2w t O-J^J 1^ C Jj-ygl ^JJl^ 

.AjjjLJI aJLoU 4^g»- LuLoJ I ^/2jl_ M g_>eJ 1 ^ I Jj>-| J ^L>J_>cJl 

£_Lyg ~L*_j c Lo j_*_yg *Lo)l ^_Lp A_J j_jljJl aJUjJI j-OS" ^LqJLpI ^Jl 1 jJg_L9 

jl ^Jx« C AJg-wol jl ~+Als) l^ *~.A) c_3^_*d> £*Ja)OJ 0>ljL)^>cJl 

^_L- J LLo-j cliJ^ <Lw^lo J^_SCo-j .Aj^jljJl ^JwJ I ^_LygJ <L^P*-LaLs 4 _Aj jjg t d)jJ 
C_4_yg ^3 ^^Lg*s-J>Vl AP j^J>e^3 c-£JLj (jl OO j I AjI j_& o j_^5\Jl CjL^LLoJI 

^3 .A^3 OjJLAj c_3 ^£jJl (jlSv^oJlj C-dyg II Aj J j ^i_P ^ ^ ^-.-g^ip 

.^jy>Jl O aJs-^I JJ ^AjJ jJ|W 4jdJgJ ^Jcy2J>tJ (, ^ J ^SvoJl ^_LwvJl 


O^J <_s^j^' J^' 


>J^\ .A~iVl li3.l 


J-=~ 


<blp 


LLaL^C>-l ^3 ^«_>cJl g-Lyg-pj ^j-O Ol j-oi-J ^1 j_>sJl 0 j_A ^wO_>- 

.A_oLqJ 1 e-LO^Ij A3 Lkl Ij CjUjJgrJl ^ll! 4^>- jUjl 

CjU J ^j3-\J j_yg_J I J ^-stJ Ij ^ol^Jl 0*)\-pLa)Jl >^JlL?Ju J 

A^-^yg-xJ 1 LjL* jJg-Ld a^jL ^.^J l .Lw«L^>-l 

oAa . o-LLo J3 Lj j_j ^ Jj>-| d)l j I Idw^wii ^_> L^g I w\j>-l d) L 

ol)j>c»JLlJ (1) j5" (1) ^_)li t d/°J t AXgx-J^Jl AS" ^g»- ^^^Ap £3 1 jJl ^3 CjI jLji'V I 

(ajj^>cJI ^-^5" 0^5 <. © j^J . ajiJjl>c^>JI j iJuUjuJl 

o y>- old j (^^ (>£ .old j 

J-J ^1 ^jJl J> l j£} oJjuj A *,1^*7 *!!**■ ^ I 

A_iJL> 4 _o jiUl ^ j_aJ| J AJ^LjLoJl A-oj I CjI j^jLJI j-y ** J ^jI jl ljul_y2_p| 

^yi i Ldlj-^_>o tAiUaJL Ll^oJI>c^ ^Jj-* ^ j->^^ ^ old J ^xSsJVlj 

. I oLjllgJl ^-dlj ^-oLyg^Jl 
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Co lC>c_JL) I 4 lL«L*J| ^JjJl ^ jJb ^>cJl J ^5 jl ^P J 

^^owwvJ .S 3 UI j^p- a5" ^pxCoJ 1 colJj ^i^J^/1 jLJ ^Jj>cJ Ls^jI 4j3l*o> 4 - 0 J c cob ^.^Jl 

. Ohm’s law ^jl <1)^1 li 4 J 3 I 0 C 0 JI oIa 

. jJl ^3 £-LoJl ^3 Jjo 4-^JcJl Lp y~Z* Coli^ ^xSsJ^/l <J^3JJ CoLg-w»Co jC$"I d)J 
t/ ^Jl_> o^Lp (. current IjLJ oLJl oU j ^cSO^/l J^iJJ j 

clU j-> 4 _Ls^ ob ^ j^*-l o wL>- 1 jj jl 4-oljJl ^3 4A3 JCoJ 1 Colij 1 3 -A_*_j 3Jo>oj 

j jiw 2 _U ^oUcJlj) jLJI JiJJ resistance iojULjl .3J_*Jl 

j ^jl ( 1 ) joli coll j-^-^ j->“I j -^- 9 voltage wL^_>cJl Lol . ^*o ^JL> ( j-g-)Jl 

j_j US o^LoJl ^p jUJl ^_3 jj 4 S j_>c_<>J 1 0 ^JLll 4 JI 0 j_^_>sJI oSJ^oj . *>U>cJ 

^Ia-*_>J . K J-O ^Jb ‘-^- ; >iJl . ^JjLwO V I ^>0 *UJl ^-Lj>- ^jU j^>eOJ jl*X>ol 

! _j ^jl 0 

V= IR 

jAj <• U jUUJlj jLcJl *\Jj>- f^£j LwvO J»g_>iJl (j! ^lp 4 I? Lv_o ^jl (j IS 

UJjLj>- ^3 ( JwoL*Jo ^Jl 4-0 j ^xSsJ^/lj 4^o L I ColjljJl o_>- ^Jp J^-JgJo 

0 ji oLLwAJ C-olS l^li .^-o>w 2 0 jobJl 1U& (1)1 (1)1 tw-*-o 2 .)l ^j-vwJj . 4-wO ^-Jl 

jLJl (1) 1-3 UjlJLoJl ^lp J^Llo^sJl £-0 Lgo^Ljj C-o>Jj 4 _S_*oj 45" jO>t-o 4-olo j_gS 

o_3 j_*-o jlcJl (jli 4-ojlJLoJl Co3jj 4Jolo 4S jO>c_-oJl 0 jJLll C-^-o2ol l^lj o_3 j_^o 

Co La_ia_>e--0 ^3 (1) JJl li . Lo jJL) O^UJl ^3 ^-0> c_o2 l^-2ij .^JuAj 


cLoLSccJl 


,ljjl 




.4_iLiaJl Ji? o-«ai! j_>Jlj ^o<_cJl 
. 4-^Lp (4j j JLJ\ ^col ^-^Jl) 


-L>- J-> ^ ^1 4_C 1_j2_1 I ^J^l ^>-^1-3 *^^1 1 ^ ^L-J^'yi J 5 ^y2J>o ^ ( 1 ^^ 


b^_Lo ^ ^0^1 Co^L>- <Ujj .j> jl 0 joli ^i-P ^-JaJo ^ l^J t 4 -ojLco L^3 

3 j_do Ij^j *^jl (1 )^o LaJ 1w2o1 ^-o 2 j>so ^ C4ojoljJl (jjOj^Ul C-^ololS" C 4o ^olo 

^CsLXo LowCo>- L^_o>cJL*_} v 3 ^jJl o j^L^Jl CoL J l->cJ 1 J CoLj2-w_lacJl j 

.4Cjy>Jl CoLoj 

jiioVij ^jisai dJiJisai 

^Jj>c_*-*>1 ^j-ol ji J jlSolo 4os ^5o>c-o 3l j^oJl *L>^3 C-wOL) C 1 <1) ^-^Jl ^C>- 

j-o ji (Jl j-L? ^jjUl ^L>-LxJl ^jo> ^cS” coUL^ol ^0 c c-o^S" ^xJl j*j 
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j->\ Lw-wvu ajJu ^JLll oJ-A ^_>3-vg-j .^LJl cii-o LSs-woJ I ^j-*>Lwa>! c oJ_*_> 

LS" y>- LgjcLcal ( ^y > j <• ® j— ^SLJl oL-aLL»Jl ^_L~a ^3 LgjoJjj LS" ^_>eJl 


^j-^JwLj La -LLP ^j_SD .LijJjLoJl 0 ^ jLwv^aj C 4JLLLJI (J t OjL 

{ ^jsJ>zJ 4 j j 3 La ^3 jl 4 jjjLJ| oL-aLLoJl ^v-L-a ^3 |jj>- 0 jsJK*./ 2 1 1 ^wJl ( 1 ) J-oL^-dJl 
. L^-La £_ 3 jJLo-U l_a_ 3 J ^Jwo-*Jl ^3 Lj^L*-)! f-L^-dJl ^3 $ 3 jj>- j-oJl J_p| ^JL)l 
MS' oU J jJLSD^I 1 (_£wLoj C 4 _Lj wV ^> iL^vwo-ji oLa jLaJwoJS' LaLoJ <_ 3 J,^as 3 L/ OljJJli 
L& ^-L-SL]Ij cjLsLLjlS'L/ I o o-^oj . 4 -woL-»^>cJl j j_oJ| ^ 3*1 

(OwAj>-! 4 _> jJgjo LgJ L>-SLc^a I ^1 ^UJl ^lLoISLwoJI jlSol ^y 2 -xj ^j_p 

. quantum mechanics ^ jLiDl dlJlSwJl 



C^Lk^-M * 0 £««/ 2 _> j+./ 2 Z,A j t. 3 j-w a t Lw& Lws^l ^P 1 La ^3 ^SL . L> jl^CL^a^ I 

'y c oLaLL<Jl ^j«a lwL>- ^_x_y2_]j ^_LJl I-L& ^3j . LJ a_>jj 0 I 3 

.o^Jw5 *lj3>4 J-5w *■ o^LoJl ^Jl jl ^oJCwaL o>e-LJIj AiUaJl LsLL>l ^j-SLoj 

o>c-LJl oIJj>-j t 43 U 2 JI 0 -jLS" I 3 J quanta oLLS" o-La 

LsLL’L JaA3 ^J. .«■/?, <1)1 ^5L*_> MLa o 3 jLL> o>s-Li LlL>- ^3 LoL ^^SDl 

jl j_Loj ( L-yg-i Lcca jl o-L)l jjia) <u>wL-SLa o3jLiJl o>s-Ja l) j^-S-L" IJJ .oLi J ^lS\J j Lll jj j! 
.L)j j^SDl •* a-vgJ 4JljJ jl AiLsi’^/ <u*j .wC>-Ij L)j 


^jL^JLs Li ^-LwJl ^_1_P 0 j ^J^S 4_Lt-ai *L^a oL^>c_]| LJ ^ 

4_LS” ^33 0 jS ^Jl L^_lsLsi>l ^5 Lo-> ^1 43 UaJl j|j_Laj t | ^oJLs-v^a jwLo ^jL ^_SL ll 

4_*3w\Jl Oj LS" Lo-LS” ! 1 JL^a I 0 j-^JLa j J_o Lv2_P o j-LL> j3jL_L o ^ 5” jl 


^3 4_^L-SLoJl p-L-Ja'yi ^jJs-xj 4_o«j ciU^ j .^51 <J p - o j-SDl c^S~ 

4 »S^j>c_} ^ t cLU^ ^_Lp oJ-J>Jl 4 _Lx>j^/! .‘C-a LljL-?*- 

(LjJaj) L0LI3 ( /^SL>^3 Jj>-Ij j-^"^ ^JLwoJl LiL>- ^3 Lai t^vjwJl 

•^L (JlwLJC-al Lo «3 ^ j jLxJl 


4^-ji 4 _>j_)LJ1 ^JwJ| Li ^-Lwa 3 wAj>s_J A-wwaL^a^yi wLp-l 1 0j_ 

^^3 ^jLLwvwa vL-Ll^ ^ Lp 4_LLa*yi cLi^J LSLwoL ' ^uLljL>c-a 

c LoL 4^j>c-jJl ^Ja^j ^^_5 ^p L&wCwP ^ ^iLLJl ^j-*<LLoJ UaJl 3^wb>Ll 

diLvj jl 4^Cj>c-Jj LiL>- l )1 1 ^ 4^-s^J (^AJl 43LL2JI jlw\_La jl 

.0 1 3 J^_L»a 
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obj^aJt 

AjliJl ^JjL^a ya A ^y I ^y» AiJL Aj>-j 3 ^lp j-o-^Jl clLolSwaJl jl 

f-j^js}] yj La ^3 J^LuJl ^uLJl aJL ^1? ^1 C <1j\j ^-£3 Lg-La CAj^LJI 

-i»P I ^JL) l_A3^ 4_jlAjL>c_^J I < L*_*_ v £?'yi d)l^_Jl 3 wLj>eJL> c jL)L<»Jl ^_1_P .o-itaoJl^ 

phthalocyanine jP~uJl c^taLJl .^-aj-otaOl dJuJlS^Jl 

^AjL» L jJ L)1 ^jS^j <. Jl cj lig.L) y L) jJJl (^jJlj 

otA->wLxjJl o jj .a^*«jj^J1 j\ ajul> ta^*~aL-> jl j^2s>-' s i I 


. j-oJl A_j jJ 1 jjj 




^3 jJ jJ ^Jl f- j-vsJl Aj>ta jljJLa j^aJ 


j\ Ijl j-v^-^-' ^LSJ 'y *^Us? I a^xjLwsoj^JjjJI (jl A_>LJLa y^ ^IpJ 

ci^ol—uj ^_L aJI ^l a a y-^ (^5^^ aj j_jUI ^lJI jj\ ota_> j^>Jl l)V Ijl 

^ ^>tj ^^a ^jL Aj^ C AjLLXpx> 3 Ijl j]\ -Aj>eJo ^J>cjJl £- J-s^ • j+-*^J * j+js, Jl ^aXJj 

.^x>J>cjJl j^>«Jl ^3 (3 y>cJ AjiLlix-a j^?llP AjLLl>s-a Ojl ^>- Ap-j 3 Ota 

tali .(^£ ^J>-1 (Jpl ^- j J-’boj otaJl ^3 Lyg—)! jJ Jj_> (1)1 £• J_v 2_U ^jtabo-jj 
oJJLo 1 ^Jl AjjI j->cJl AiUaJlj j-X~S*J cilj li ^vwo-JLa ^3 £-1 3 j-~*> ojLta*< d.^.,*.^,,^. 1 

> f. & f. 

AjiLl? j wLvAj (1)1 LsA 2_>1 oLJJ ( J-S .<r yP^\ aJ^^I j_> <1)wL*_J| ^^M-o-*xJl ya 
yj • Aj jl ^>cJl f- j-vsJl ^-ol v2»J AjjtaJl ^UJMl ^3 ^Jw^2j>o ta jl ^P taJ> j-s^ 3 

A^_Lo^Jl ^3 1 AiUaJJ Jta^l jlwL^oJl ^ t 1 o'yUJl £woJ>- 

oi-& ^3 ^_5ta>cjJL> ^jtasJ .(A 3 Q 2 JI Jita5j>cJl j-A 0 ^JfcUaJl OwLgJ ^LaJI ^_Lla_v 2 _oJ 1 ) 

.ojU^ll 0 j~S A^>-j3 ^ta*A»l ^.Ig *,*■%>> A3 UaJl 

oliaJl CjLLS" C^^w^l j-i-v^l a^-j -L^ oJl ^ta^j>-'y 
! (J j^JaJl dJ A3*^A-*Jl oSj& a_j talo .^_-_S"l L^J aJ j JL^oJl (a_Ls 
li_&^ .^Ipl o33 jjj AJP J 3 U 2 JI <2j j.^J 1 A 3 II 3 0^15" (J^w^l ^|JaJl ^j-*»lj L)li" Lo-lS" 
ta aJ Lo-L C- 0 IS” j^_v^l L)lta Lo-lta ! ( j-»»l^j>- s yi y l^gjl ^-^>c_v£? 

L^3 jJ jj J L^_i jj\sj ^jJl oUaJl A_1_S J A^JwJl ( y\JLo A3 1>L*J 1 oJ_A d)j . ^j\sA 

jLjj t LjhUI ^JwJlj C3 LLj^->cJ 1 A-lg-^1 <r j_v2 Jl ^3 ^_5 v_>cJl 11 ^3 IJl^. A-aL^ 

-Ijj ^j-al^Jl iw~-~Jl LsAjI • Aj j_jLJ 1 AjLiJl ^3 Ip J-sA 3 j-a 

.2 ^Jw2ji]1 ^3 ^^tawLoJl aJ^JJ i*_^»&aJl 
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^Ul JuJI Ol Ji\ - 4 


. KilUJl Llza ^3 (jj^bJl £*,«*,/?, zJ I )) 

*> 

< " ) Richard Smalley ^ j£* 


55 ^j-uLS b 

59 Sj^jUI ^**0 olj^l ■ 


J^iT o j->jjj Harry Kroto ^jLa ^ iil «-L_*_ : -£Jl ^ J jjJ SjJL>- J-c- J, ./? >- (#) 


.60 _ j _^^5v3l ^iL isS^ 1996 *Ip Robert Curl 
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GO nm 


Rs scon as I mention th’s people tell me 


about m ini j-tur i zoX, Ton, and ho ^*ar ' t hos 


progressed T ocJoy Tl ey tel 1 mt ubou 1 


e ' ec r . r I c mot or - 


, 3 r . O r c* T‘h*r* S » Z 9 0 


jf the 


nar l on yo'J r _rr ., ! I injci 

dtr. ic<? o n f . he* f r't'M * . '.I'clj •_ I I by v.'h : ch 




Fir. J ' t-r e is 3 


le H 


LjOU 


son write the Lord's Praue 


r on 


bead 


o r op 


5 j+/ t hat " s noth i ng • tha t s t ne • - ui 


prim'i 'ot. h<j I • ' ny t 


"d‘ 

1 M t h<\- d ' 


i r 


tend to d'scuss. It is 


st ayyer i na . y sma 
war d t' r at, is beta*,. 1 . In the year 20GQ. .-.'hen 

they look bach at + hia aye. they will 
wonder why i t was not unt»i I t he year 
l q 50 that anybody beyar seriously to 
meue In this direct Ton. 


400 nm 


Richard P. Feynman- 1RE0 


uUJJ c LI j 1960 (»U y jl^J ijLiJUj ULllI ^1 cJXll : 1 _ 4 JiLiJl 

2 > 

. <i~sS j3 j c 


. Mirkin Group, Northwestern University kail yj J_*j Sj waJl 


^JLP j t A_*LL>c_)l ^Ul 1 2000 ^Ip 

.(l — 4 wUwb>- oL>cj s yi I-L& ^3 ij y> clJL 1960 ^Ip -^4 4jjoI 

Richard Feynman ^jL oJjU- ^Lp JjUJI aJIS la Ul& 


aJULlJI c^JLll^'l lg_>\ La ^xJlj 1960 ^>Ip ^3 L&LaJI *L»J»5Ul ^3 

I £-a h^SU . JJLL^>- 4_-aL) Aj j_So 14 £-a <• A-> 

aI^wwvJ La ^3 ^ y>-\ jJj 0 ^a^La^JL) Cj'V'yi O ^oJCw«jI c 3 A-JLp o jj 

cliJdJ j ^J»P -J_v2-Xj .OwLal (Jll? ^djl 1 

( A3 jJl L)Lod^3 La3j) 2000 ^Lp ^S>- \j5 
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i.. i - -■ - ■** £• L^^o LL ' I i-\j^ c ^^^jLJl ^_L»*L 1 ^1 _^L ^ ' ^*‘*^ 1 ^ 1 >a_) 

. Juji oi wixLi 1^3 jS>jh Jl j»j_p 

^-Jws< 2 jJl oLjjlJ ( J^So .olj^^/l L_>wU J^Ssj (^ ^ J-&J C .ia^vO kw^ww^vJl 
olj^lj AjJ j^LoJl JajL>c_oJl t^\ L li j_*_v£?l Olj— ^_>cJ £_Lv£? LjU^La 
^*— LwvJl ^_3 ^j^Ow*_U A_L>li ^j_$Lj ^*— 1 (. ^oJl f- j_v 2 JLj A-pLLaJl ^jL>cJ| 

^Jj c A-L^iX-oJl oLj^>cJlj oljJJl (JjlJj ^jP ^ ^ 5 ^ |*Jj *C_£ ^->LJl 

£_r=~' *j' ^I U^.Jj oij^ '-‘“i' (*-! 

. AjjLJI o 

(J jl JJ> J ^oLwS J A_> J j Olj.il (jl j_g _9 jN 1 A_> j_j LJl aJ UjJ 1 o La| 

oJlj La dUJ cl)} j_*a o->s— --ol j _3 ^ jjUI *_L**Jl ^_9 oLJl 

j-*_*jJl wL _3 viiJ^ ( 1)1 t Aj>sJLLa j-^ L^O Lg_L<>w*_ 0 *_) ^jJl oLjJLxJlj t A_la-^o 
^Jj OJ^^LJ a_L/?j Sy>^ t ^jJaJ^J .1 j ^ ^*JL*J < 1)^/1 .^_jj_^Jl 

o Jj>-I j oj.i (1)1 t Loj j-^LJLSsj A^wm j>& ( 1 )Lw*» ^3 wL*_> j*Sj>ilJ 3 

o^jLaJL L-lJLo 1 jj j t ^_a^>cJl 11 ^_3 o ^OO^a AjlJLlJli .j-JL>s-oJl ^_3 A_*/ 2 _La ^-Lp 

• (^jjLJl ^f-Lw*J I ^ ^ J 1 ^ L 1 C A^aj^o~^Jl 

ajjjLJI ^Jl ^j-^Li olj.il 

^ ^ VwoLl ^w*L«w«^C£ 

La ^ j-jLJI ^Jl*JI oj jj Llajl ^_ 5 -Lp oj^U c^Jl ^Ij^^l ( 1)1 

oj^-'yi oJla j» jiJ . scanning probe instruments ^vw<Jl oLL^a ly^>-\ 
djl}\ oL^JL>J ^ Nji ^JJJ Ol J -JL^a L^Jj^_W o ^io ^^Ip I4I5 

ciLld ^ia-^o O^So*- La 1 ^| ; lwLw<»Jl CU^>- ^a a_L.^^o 5 j^LaJlj . ^jj ^-sL^Jl 

^1 JU £ LI J-L3 jl L-^L>- jl l^'y ji jl ^>Lo^>c-a ( 1)15 l^J La aJ J- g-'-vO ^JaJCwJ 

^ 5 j .AjiLl>c^Jl ^jJa^vJJ L^a-c-^vwa f-LLl tLi^-val oL>«J AjiLl>t >5 ^ ^3 ^wLJ Ajlij^L^Jl 

A^>t-^i_va (_5 "Lp Lg-iJ^i ^0 ^-iJl ^j-aL.-iJ ol^l L^jLS” j ciL«-w^| t. JjL>cJl11 o-La 

^s_«J 0 ji ^-Ij ^iljJl d)l j ) o .a ] \ d)V (1)1 jia -9 Lg_aJj ^y> ji 

^A-aLoJl 0 ^iJl j_£J>c-a 0 0-L& . L^J j_J ^>cJ 1 A_iLpl ^a ^LS "1 A_S” ^>- 

,^~w<Jl oLL^a yfcL^a ^Ijjl jl^-| yt j t scanning force microscope 

.tLi-^-s^| (jjJ y»j Lo- 5 " ^Ja-v*Jl ^_^-Lp ‘u-'^l j' C ■<>■ 1 1 ^ ^-n<— ^ c_<a 
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( y oJg-lj ly Ulp <_£j L ~u A-wnlJLaj oL*jVI ^ ^Ij ^j-»Pfc^Jl 

^J-P .<LP jjJ L*-o <UaJjL>c-a ^g| A_LS>L ^j ^^w>c-<>Jl *Ljlj .c_3J_^Jl 

t atomic force microscope AFM ajjJJI ojiJl y Jw*gCL~J cJll<Jl J™*< 

.^Ja^Jl ^Ip aJUcoI *1^1 ^j-vk^>c^oJl ^»lj yy* 0 o>LJ^ j.xSvJ^/1 
c ^r-lg.*.^,,!' ^Jp 1 w\j»p ^J., ^jJl ^UJl L«Lo_> ^a ITa^ 

jjlJl *-Lv*Jl ^C*J 

^LaJ t scanning tunneling microscope STM ^™<JI yy^ y j 

^j_gxj yl\ aJL j_laJl ^Jp .^Ja-wwJl ^^wwoJl ^*>lj jLoJl jLlil o-A_Jo 
^L>c_x>Jl y^\ Ul L^j ^j-^LJLlI 

.4-J^>t_x>Jl ^5L> ^JJcJl ^gJ Lygg*- ^UJ jl ^Jg_**Jl tcigl* ^jo jIjJL*) 

-ti j t jJaJ [Syr c-$^ oLlsj>c-a Jpl ^Jg <Jjl ^JLajJl <l)l«S"j 

ojJL>- c5 Jip Heinrich Rohrer jjjj JyyJy^ Gred Binnig ^_L :> jP J^g >• 

. aJL ^J gJl cliT) loj^^lg:! 1 ^>wLaj 1986 ajl^> ^Jj ^ 

magnetic force microscope MFM ^^JgjJ^Jl oj_l!l yyy y j 

^ 1_P A^L>c_x»J| *L^vwJg_L*_<jJ I A-J^Jl C ^.M..Jg.^*g3 ^wvwoJl ^j-^lj 

Ail j-w- o*l y]\ y^> 4_g_)LJL« aJL ^Jgj ^g-wv^Jg-Lx^oJ I £C-^Ul ^r.lg.*.M.]| 

.o j-s^Jl o j\ t^^LvgJl ^g j_ill 


^j-*»LJ| ^Jg.XaoO "tjy^ ^gjp ^ J^-vg-gTAJ L>- ^J- 


■cj I y^~ j 


^|j_*-oJl 0 j j-vg j^-vg-Jl cli-lj a_Ll*I y°j .Ag*c_*»La (CigLl^>c-o jL^_g- ^1 ^-j^I y 

oLw^«g>*cjJl ya i^\ *C>-L>- <Wjj .1 ^J^/g.lJl oLXjIj (^dJl ^ ^jljJl 

.jUg^oJl y ijJjixSla')! j_>- J j A-Jw^Jl A^Ji^/l J j-vg O jj>u ^.^Jgj ^U>cJl A>c-JCJl 

^J_j t4_*jc«'yi ^-o ^Jl *L-Ji^l jj j-vgJ ^_*^w<>Jl oLl^> oj«^-l ^-Jgjc>... J Mj 

oJj>-Ij oj^ ^>3 wCio^Jl oL-LLJl ^^i ^^Jl 0 wLuL« y* 

A-xJLa I c_i-JL5s J ^g- 1 ^J_jI jJg LJ V 3 j_*^i A_) j_jljJl AjLiJl j . j ^SLoJl ^-J-^vJl 

. yji]\s>c^iS\ 

y> L>c^o-> (_5^J <■ 1 .»sAj I j-S^oJl ^-vwoJl j_^L>cgj ya y>-\ ^1 j-j I <CoJ 

A-*l^Jl 0 j5LaJli 4gjL*Jl 0 j^sjdl ^J-p j_aJ ^-*^oJl cjLIvj>cgj 

a^LII jiy s^j ^A»LioJl ^ L>c_*>jI >3 L^*«Ij jl U^<>g>- 
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y* ^ ~+a y>\ j ! 2 — 4 

.Hers am Group, Northwestern University '. Aiil y> Jjo 3 j j.y?H 


C-J^Ss> 5 w\i j .cillj yjyyj ^y» Jj>-\ y] ^l^A 2—4 

0-jIS"j <. o^>j (J j I Aj I 0 I 3 I a_>jj a_>c-^ L*Jl oLlw>c^>Jl 

. ^j-*> L&o-J 1 Aj^jLxJl y ^^AtLosJ o 

^iLLJl 

aI j <u!p ^1p ^ jJ * J-^ 5 -JaJL^J spectroscopy A^iLJa^Jl 

Al^LJa^Jlj .{£ ^>■'^1 A^jjjwLoJl oLoJl A^b^} <* o y*~^J A_*/?Lvfi^j| 

yA I J *zS j3 yj <• ^&l_>c_>5 A_jJjj ^ya ^_p! j I J *zS ^w\Jl A-jJjJ 

.aJL2>^J| oLlw? y}\ 

'*9c~o A^Jww^Jl A_*_J^V 1 Cj'yii .A^a ^-Jl oLj>cJ| ^3 tw3 jJLs Al^LJg-oJl ^1 j_>l ^2 _*_j 

o yix~J <lJiS ( Ju>c-wvJj c A_*/2j>ti [£ y*-i (^£^131 ^-w*w>sJl J*s* AiUaJl ^JLp tpL*-^l J y>~> 

^Jl A^L^Jl A-^-Jj^l ^JCuj .^Ua_*Jlj 3^ jjjJl ^Jww3 aXJcJI ^ aJs-w^I jj 

w\»Jj>cJl ^J»P aJj ^laJl oLp ^3 Ix>j 2)j ^lj j^-*J 


magnetic resonance 


l)Lj ^_ oJl_> y-^ 


'Ij .(> 


Lo-^Jl 


cr 3 y 


.A~k)l oULJaJl ^ U Ai jJUl aIsLIlJI J>\ y& imaging 
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AjjjL>c_^Jl f- j^aJl olill? ol^ Al3Lk<Jl ^4 I ^j«o 
C I J^^-o A_>- j^a (J jjs? jl C-5^ 3 Ig-- 3 A_*JIAJ| Aj ^_*w 2 Jl lol .AjjjUI ^aJI 

. J la.il jDS "jj* jJ*^?\ ^Jl ^aJ| A^»|j^ y I ^AS" Aj-o j*£* A_l*_>tJ lo | jjfcj 

Alii Lo jjC y~A jjlj 900 J 400 ^j-o ^JL y ^o-ll f- j., yg 1 1 Aj>- j~o j j-L? jl 1 ^Jijj 

jl .Ol jAo ^ jI A_*-*/2-; ^Ip I^JL-Lia Aj^j j| ^Jl ?-L»Ajll A_> jj ^3 IwLuja j^^j ^jJ 

lg-Pl jj! jl jM l <LJloJ>-j|l AjjjIJI ^aJ| C_jLw2 ^aJ ‘L_o~kj|l ‘LowJg-P AlsLJa^oJl 

.^Ao jjIaJI ^-l'-*’ ^^3 ^-Jl ^JP olo j-L*-o j-Jaxj jl 


pL^S" j^-SsJI 

A»o I ^ »»a I ^ ^ 1 jf***&*j ioLS” ^ electrochemistry *Lo^S” ^iUl JwojcJ 

<2j jA_p LaaJI ^j-^a a_aL> ^ jll oIjLjJI aJ jJ *u_iL^5\_}j c <lJIj j_^_S" cjIjIa jjwJaJo 
A3Q2 ^aa ^a) I oLj llg.^ll y& Lp ^---A A_b L^S" ^_g_$Dl tdjl^-^_>tdJl ^x5"l j . aASI^o-^JI 
e-jliaJl j_^_laJL3 A_^5"L*_oJ| OJJ j-w^vJl Lol .A-oLwOw^S” OjlpLLj ya A^jL 
t^iiaJ ^1 oLJl ^k,,^ ^^Jlp j^jc<Jl ^-j yJ electroplating ^Lj-g-SLl 

^-^P ^ l^j I ^ l*»J I {_T“^ ^ *3 L ^ jl I ** ~^*' ^ «•%■■ 1 1 *L-^~ ^ -o -l I 0 *Ax«»^J I ^ I ^ *•** jjf 

. o-bL>c^3 j^l*-o ^J| j j_>cdo j ^JauJl 

^j-Sjo-J J t Aj J_J jjl ^A-Jl £_Av2 £-—j J (^Ua_> ^_Lp f-LwO^S' j_^_5\Jl j Jw<>_*_A~A> 

0 ^aALwO 015, A_*^j? ^jLs_ 3 .Lg_LUj ^3 Lyg-jl L^L>-«jLw-I 

oLJ-Aj l_^_Laj) <jaJJCLa A^LwOw^S" j_^_S" oLJwAj ^Jwo-xJL^Jj C f-L^Ow^ j_^_Sj| j l_o_*JL^ L 
» li ^ ^ a.«j I ^ ^ ^ Aj^j Lj I ^ I ?• j»J l»J Lp ( A^L^j 1 ^ *». .J j»<<^*c^a 

(J-^-3 y^>- 0 ji ^x>a Lpl A j^jLJI t _^bJl Ajjj ^j_Ss_oJ" I ^Jjl jJaJl C-oLS" 

olj J y£jy I ^Iw\j>cJC^I ^1p ^1 ^iaJl jiij jij J . I oljl^>t>a CjLC-aJ J_>j_laj 
|*-^>c-V2jJl ya AjLLl>t-« ^| j_j! ‘W^* o^LoJl A^-j AJuLx_oJ p j_vsJl jl Aj 

CjU J ^l^Jjll . L^wvs-Aj A^aL^Jl 0 J^jjl t _ 5 -l-P' ^ ^-Aj L^_al jl | C J ^x5jjll 

Ajj^Jl olj^ ^ ^_>s ^3 j\A) ja ALP oLjj ^I^J jll dJJj y*y3j .Abl*Jl j-^P" 

AsSk\ y jj Ljjjoj y*yJ I oljj ^xSsJjll ^_^j>sJoj .L^JlJj ^i^Jlj 

U 2 _ 4 ^J^SIaJI y-^i • aH*JI j-y*-j ^aII cjUj ySky I o y*^ yk I olo-w^j>iJl 
transmission electron microscope ^jySk jll ilijJl j^->^ l jj t (^-*-4 
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jjJLsnJ jl y j y£)>l j y5ty> c SwUr>iJl ^-3 j ^J aJl 0^^ • (TEM) 

olxl*Jl **>Up c_^>o U UIp aJI 3/1 tlol ji\ oljJJl i>jjJ tils' resolution lyta 
3/ ^yj yL^J3/l ^LijJl jl dU-i ^Jl ^it . l-£yyvflJ 3/jl 

yl> ^g_Sj]| yjJL>tJl y jJ ^Jl^ 3 ya yJ I (_£ yJjJl 3/ t A_oLoJl A«JwJl <_£ j-w*i 2 J 

ykj t yj ySLJ3/l j^j>c_^_U Cj3I Lo-*_X**) 3/ I ya <LoJ jJJ.} £-aj . j 

.La A jytJl yJl ^J-«E>cj c? 3 ^ylj L^tlaj ^Lp ( J^<»»*X-^a 

AjyUJl y*Jl olj^l 

^ y>-l oyj ^wvw^Jl oLjy oy^>-l 

A^_jxJl j .Lyl yJl a-> J jJ ^^vwoJl cjL^vj>c^ & y^s>-\ cJL>_*xXw*>l ySt<>-> 

yJl ygjjl J *. fljy>&xJlj jl jb ^t*_9 .ty2_>l twA wLyta J-J L> ^Ja^Jl 

Ly2_>l ijlxSiy C *L_tp yJy LaJJwP (j> ^y Lg_)|j_>-| yllxSto-) 

.^-*>La ^w>c-a ^y>lj aJs-wmI y 

yyjl ^y to I y| otjy>cJl ^Ju (JjIjxJ ^^oJl oL^>c-a c-U-<>-*xuai1 

olj JJl 0^1 yo <l*J| j A_>ylJ (Jl5t*x>l yj ySLJ Lsij i Owt^_*jLw*< I ^ .3 — 1 ^J«St*xJl ^y 

y£*l j_*JLw*> 3/ ^yJl di-L> C^U-*JL^I J .A_x1_*_^j ^X>l^ ^yJa-*» ^A-P CjLL>y>eJ I j! 

ol j-JtxJI j a_> yj_Jl f-Lwo-^SvJl ^y a _» jjb y>eJl ^Lwo-L*Jl yokELoJl y_*j jLjl>-Ij 

^y<L*«al ^J-P ^ly*>iJ ^t->w-o»>c-XJ 1 li_& jj . L& ^*Py 1 jJ yl— v*Jl^ <Lot ^_^_^Jl 

.j yoL-o^StJl Aj yt>- LoJtW Lo-L>- yJL>o ji otoy>- j\ CjIj^ 

cjtL>y>- jl cj! j^> t) t)i yStoj ^yJl) 5 ^Lp 4^>- y y5t<>_) 

C iJ y>cJys ^-^>Lo <^2— *<1 y AXP- t^_^3 y j\ <uJ-P L^_^3 Aj LaJ ^r.]g.*^ ^Lp ( 4i-yaix» 

ojLi>tS" ^-Ul ( y>l jJl yjJl^cJl LJlS <_yj .^Ja_*^Jl diJ^ t^-v^j o^tpj 

^y>cji ^y> ^ijJl CjljL^JgJ ^y ojLi>cJlj .tJi>- <Uwaj J *■ ji yJl ^i y LioJl 4jylJ 

.4iy>c-oJl ol^ A^j! jJIS* ojti>cJl c £d jJl ot^Jaj ^y Lai . Aily>- 

yJbJI 0^ y>tJE Aj>sl^*«LoJ| oE^>t^<>Jl A_ia_^*<l yj ( y>c-l2-^J' ^-wo-PxXJl C-jS-yfl-Xj 
^y_y^ y 5 y^J .L-^vo tjtp aJ| Lo»A y^_P y« ^yt*_> AjI 3f| t <U aJ_v£?Lx<»J| 

^Ip l) ySt) jl LJlP 4^j3*j3j>- o y5 AjytJl AjLaxJI ^y2j ^Stts l jXoc-JJ wL^>- 

j ya jyjli y^ yv2J>tJ LxJ LLl^>- *!>L a jS Jj ) A.yg_i_>c-X» C-i-JtStXj AjyjtxJl ^y-il 

I CjIj yX-^yl yj I j ySti-vil ^^j-tp A^jliJl ^wo->tXjl yjl jl AjlJLp-J 
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ji-Jo 0^1 f-Lo ^3 J-JL>co ^*_P jOJ . ( l Js, 4 4-^3 joj jZS\j ( jO^J>-jlj 

ajjjIjJI ^jJI (^ w ’ m£? t 4 _*^j2j jj3jJl ^3 jjLLo>e_<>J 1 c^i'yi ^Jo c ol^ 

^oL-S" jl Lj j j_j cjIjL^JI ^y^sS cJlj La LoJl oLl^>c^Jl Jol JL>_* jjoL 

4-J3 ^oLo ^Lp ^2-^1 iiLo (J j), -y/? P*cJ 1 ^j^-oo .Lol j^l 4-o>-L>-^Jl * ' ^-'->L/2-a 

.^oi ^ji oJJaJi 4—ij l^l*-*jo 1 ^y <bi ^yj c a^jIj 

^jjUI ^-LwJl ^3 4^Lkll 

j-a ^LJ.'yi Jo^Vl ^ ^lithography ipLUl)) ojLp 


er-~ 


r 


^ip jJ3j><J (oLp 4-*3jj) 0 J j-O? j^>cJ><J| 0 j j-o2_!1j .jO>s->tJl 

ij^ u~^-J 


^_3 j .4_golJLa 4 oL> jiiJ o j^x,+./Q ll JJ>L ^LwvwoJl ^3 ^pLJaJl ^4 jol ^-a ^Jwo-xj 

4-JL>cJl 4-o j-ol>Jl ^jol j-jJl ^ (J Lo-*JJo 'y I 4_*oLjJl Jol ^JaJl -LoJL*o c £_sl jJl 

pj L <LoL-o-J Jol jJao ^vJj ^4j3 Lg-«3 £_Jo 2 o ^Jl 4-Jw^wJl O^L 4_P LiaJ I ^i_P 

4-Ajj-laJl oJjfc J . 4-i_*ojJl <L>o^-jJl 4-Jo ^o j_$GJ ^Li-ll ^_*_P 4-J-^-J I Oc^l j3-oJ 

. 4o2— o2-ll jL^-ooall ^i-P 4 j^j ^p*cJ I 4-jLjJL 4 PLI 2 JJ 4_^jLj-o 

j'y ^jLJl *i~Jl ^ 4o j*J ?} I <pLJaJl ^3 j-oJl •r cJL>-*J-ol ^jSvoo *y 

^Jo ^Jo2 ^-^-v^Jl ^j-a liJj C ^J-a ^->L 400 ^-P ^JJjo N 4 j-yflJl 1 -L& 4o>- ^-a J 

J (1) ^jli jl ^oJJol jl 0 ->iol ^jjQ j_>- 1 J 1 -U J .0 jJiLoS 4>s I Jj>JJo L oJJ.3 Jk. v^l 

. Lis' oJj -b>- j~j2J>zJ ^Jj \ jjp l*— ilao jjLJl 

JJ> L— o lo2-oj 1 -LJP 4-o ^_o2_J 1 4_P LJaJl JJ>LJo2o 0 J 0 P 4oxj C 0 JJ 3 

jSvoJl oLiiL 4_P LjgJl 03jJ>-^ 4_L?io J5l jJaJl jii> ^jS”! *° j*Jk*/3 .. ll 

George ^-LoLw^jloIj ^jj_>- ^ jl L&j^_L ^^jJI t microimprint lithography 
jtJoLJl iijjiaJl oJla jli jU 4_*-aU>- ^3 4 J- 0 -P Jo j Whitesides 

^Ja-O ^j-Si^Jl jJ3j><lj . Jo ^-Jl <« -jUi ^3 j\-o-*JJ^vOS (Jlj La (^i-^1 ^jJaLla-oJl 

j j_SiJ— ^Jl ^J-o2_> ^JaLla-a 4_s-Jj j-j iJlo>c_Jl oi_A ^_3 j_&j) ^JaLlaoJ 

^J-P j_-_>cJl ^-a-U 1*0 j-o>o ^JaUa-oJl ^Ja-^Jl ^Ja_*o ^*0 c (^j-o>c- 1 j 

J 1 -L^v^S'l j 1 jo jl j-lxo J 1 (. Joj_Jl o-olSoa ^3 C^^JJ^yi ^JjLoJLoJl ^Ja_^Jl 

0 1 Jjlo jJJ-m-oJ 1 ^3 iiwvJl j| >a oLiJl 0 j-^i-vaJl r L^Vl ^3 ^>“1 ^-L-o ^1 
^3 .^-^jJl ^-a j-j^Jl ^J-v^J 4jLo-*JJol J^Sv-ooj |JL>- 4jjJ i 1 J-i_^o -LJol 
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^5\J c ( yj* j-jIJ 1000) yj j^LoJl ^JuaJI ^\sJ>-')l I O-Lo-P c 

.^Ul JUI Jl l^UjI o^Vl 


^UJI jJlaJU i^Jldl ipLLJl 

j L^JoLlS" I ^_l_P 4 -J^LjLpI e-Lx^J o wL^j>- ^J l 4»JL> ^JaJl l)| 

Js? jJaj>cJl 0 .j^J>cJl j - y>^\ J* jJap- ‘w ^xJl 4jL ^iaJl 

^JUaJl cr°J j-r^ 4-*J c£jj ^ ^ 

4_P LJaJl OwL>-l J3 j . A-JljLo 4 _j j_)lj Lo^AjI ^JjLo»j 4_>jdJl o jJLJl O' 

^JJl jJLiJl ^ dip pen nanolithography ajjJUI 

£C_V?J->J £_^LxJl (j j-5Jl ^^3 jLS' ^JJlj j-^><Jl ^3 

oLoJw^s <u>A5" ya i-I? jl>3-oJ ' *y>d\j (. ^j^J^LiJl ApUgJl 1-L^j 3 _ 4 

o_Lg_j A-pLJaJlj a>p . oJ ' Aj j_j LxJ I yo Jj>-I j 1 _ 4 ^3 

^3 ( y>- Cj>\yy>- j\ olj^) W <l)l^>- wAj>-jj ApLiaJl ya t_5^ • ‘XA* j^ 2 -^ 

.<u1p 'yiSs-Jol^ ll? jia>- 15 jU ^Jfi_~Jl y ^ y*H ^j-*>1j ^IpI 



^l J lS±\bj±2jL\ .^UJI ^JjUL XpUJI SJ^ :3_4 JiLtJl 


</0*" (( ^ w 


.Mirkin Group, Northwestern University : XXil y> X*j 5 j j^aJl c~ 
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t j*£ 3ldo L&j jJa ^J I l ^JaLxJl 1 4_Ia-wAil jj 4_> jjUJI 4_pLJa.ll ( g-pa lo 

L^Joj ^-do 1 ^-&1 oJjIp L>1^-oo c L) j-ij y> 4_*_«L>- ^3 0 3*^ >S JJ Chad Mirkin 


4_j LlSLII /^>Lo_j 4jij 1 j_o>- ^J~o-*d~o l) 1 ^j-SCo-j Lo jju (_£ 1 <jl Lo~& 

^JaLxJl ^-LgJL> 4 j jjl_Jl 4_pl_JaJl jLo-*d-J ^Ja)do p-lldS" .Lo^JL ^Ja_wn ^1 ^Lp 

L)V L&-LoL*o J L^_Ls_v^Laj ^P ^JajJl ^Jaj2j Lo 4 _Jo J^l £Jwv2_] 
^*JaLxJl ^2o2_)L> 4 _)j_jLJ1 4_p LJ aJ 1 L« Id-Aj .(JjldJl 4_Lg_-^*< 4 jjJJ 1 o jJLll 


J_£3 4_4j ^JaJl 


U 


daLoLSo o JJL*_a oJjJa- ^o j_SdJ 


J-*' 


4_pl_JaJlj 4jjLa>j ^jJ_Jl j -l^S" Lg_J ’iS ciLtaj l 4j_Ja_) Lgoi 

aS ^-dJl (^w\J 4_oaL>soj L L^d^* 0 >dJ (J2-o lw\_^_^- 4~oo (jl .^Jjj/l L^oslol ^3 

. Nanoink 4XdbJl 

iJj ^SJ>! I ia^eJL ipLkll 

d— o>- ( jos oijJj>oo f- j-p 2 .Il ^J-P 4-ooLaJ1 4-Jl_>cJl 4_^pLwvaJl 4-pLJaJl (jl lj jS 5 

. ^ daddop) 1 <k j-pLll 4j>- ya J jJa ^j_P L^LolJLa ^JJLj jL£w>l jjJ> ^J-P LgojdJLa 

^3 £- j-o^ ^lda*dd*>lo -LwflJl 1 J_A ^A_P ^JLaJ^I IwLwoJl (d-w<^>- {jj* LdSooo pJJ 3 £-«j 
.1-^3 i i jA j+S* y>-\ ^JJ"12pj 3 jJL Jj>cJl 1J-^ (jl t j-w 23 4a>- j-o J jJa 

^J^pLa>s (_5^i l£^Jh Jl ( j^-oo 1 JJj c o 43 IJ? p-LLdo 4_a- j-<»Jl ^_^p2-gJl 4 j.p2_l U 

p-Ll ^JLj>o) ^r,la.«.^.ll ^>s L^jo jSLo ^ jJL ^Jl jLSLd j/ 1 ^)Li3l 4^1*^ 4_woL>- 

. ( f-Uia| ^ jJa cLLoJj wL>- da IjLJ 

j/ -L j daJ j jJL^J^/1 (JL^_*JLw»< 1 4_l_5LdwoJl jjLadJ ^ 4 _Aj jJa 4_x>J 

^dJsJ E-beam lithography iJj^SC^/1 iijAJL ipLkJl jL-*dwJ ^1 c » ^.y?Jl 
4_»J_>cJL> 4_pLJaJL) L^_dv^ | /^wJa_3 4_4 ^J-SJdJ 1 .3boVl O^UI ^-dJl 

oddowoJl 4_JwJlj .^_o*!)LJl 4_>j_)U iijA_^l ( a_s<a iSj^T <• 4-o j ^x5Ll^/l 

.ijjjjS yjy^\ J3w> .p J-va-Aos *{£'yr ^5-k ll 

daLoj ^5C)M 4_P Lws<a ^3 Lo2-j 1 4_o j jdSJ j/ 1 4ojJj>cJL 4_p LJaJJ daLddaJ A^Jj 

j (j ^->L* ^_dj k 3 ^Jl ( Jw-_lJl jry-*J t 4-jL>J 1 4jJ ^5CJl 

.lolf» l^-«.^.^J wtxd^J j^-ll ^4>Jl yP jAj (jl ^Jl *>Lpli 
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SJ j ipLklL jLlaS : 4 _ 4 JiLtJl 
jjtjS' ^ ^j\ jJ* jJl ^£3^1 Ja«^M 


. Dekker Group, Delft Institute of Technology '. <ai\y> X*j 5 j j—aJl O- 


a,^U! ol ^53! ^LkJ! 

#< > , 

^_Lp I-*- 4 o 4^>-L>-jJl o_ *_U l ol jS I 3 J 

jJ>- 1 ol jS c—»^j o jS JlS" L^3 >L>cJ <w?ljjLa ip c-oj-S" j^LSi^-Lj 
i ^jJJl ^jP C-^PJj |*J t ^i-pl ^c-JL ol j£]\ *UL^i.ya-l I oj_£> C^-U_L? 

i Jl JJw> J^Uj ip JJid 

i_> yj l_j cj! j£S\ c-oLS" talj .(5 _. 4 .J^SidJl jJa_j|) ^JJ>-I J_ll ij wd>=_^ 

. i-s^ ■) 1 ^liJl ij^jlJ e-jUaJl J^Li) d-o 15 

jli clJ L jj ip d j^2^>- dJi-aJl j LtLij 5 _ 4 ^J-5idJl {£ jif 

ipLkll idiJl ojL& i^U- ^ Rick Van Duyne 

m ' " > 

<ZJ Lo—^aI oJ_*j ^_i_v2dJ j . nanosphere lift off lithography ijjJLJl olj-SiJl 


i j^Ujs) dJ^-jilaJl j (^jJo-mJI) o j-d5" ^4 jjI jj>-*jLw«j| i /^Sio-j ! 

^i_p LLJi~J (oljj^y>sJl) p^AiaJl o_lp j-> < *• ( d->Ld^>- 

( Jwv2_>cJ jl ^5io-> ol ^1 j jpLJaJl o J_& jl ^LgJl .oLcLixjl 

.^wwoJl oljvj>c^-i jl ^vJ^LiJl ipLJaiJ li ^o^l (_£jl 
£ > 

O Jl-jLv? >o ^5io-) I3.&J t ^^jAp ijjjjJl dj| j^Jl ^0 ^dS" 

.Jplilll ( j^l jl 3^1) j-^" j^ 3 ioJgJda 
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bybi\ cd j !>* Ji 4 P UaJU y ! 5 4 JiLdl 


. Duyne Group, Northwestern University '. aaz\ y> X*j lj y/s\\ c~ 


jdl 


£jy 


]g *t> 1 1 




L 5 -* 


^~y- <r L 


Ld t cO Jj>t^ 1 jP-^ oUuJj>- *w— ^5” jjJl ( J^>-vgJL >j .f-Lwo-^5vJl 

(jLo-pl A^Jj . IJj>- A_s^ L?*- oLUJ jl t Cj>u ^^JlP c_3wL^J 

c aJlj-L>uJ| j_^3UL*J1 j*sS j c cjLS" j_dl 

^ j t Viagra I ^Ldl j Taxol J j-~5ldl j Lipitor j j^JJl j 

. y 

^lp o3 Jj>c_^ ^3 C <U_^oJ_L& (JLSs»Jo| ota ^L*_> 

v *_>L>- ^\j .^LoVl 0wL>-I j o j \a, ■>- jjjl> E_> *\S'yy ol c L« ^L? ^ 

Lygji ol »»-^->c_> a^S jJj LSL^SJI ^-' >o y-^ 

Juj^Jl oLjulJ ^/2_*_> y^^oSZ tcJljLoJl ^_Lp 4_J J_J IjJl 

£_sl yb A jjJl j_v^L)wP wL^*-l Vas>-^ L&l jj t^_3 ym yJl djjjL 

j-^j -y cy y ILwvJ ^-vJ>cJ I y& y£> ljw^ jy*-* ^j-^ULdl AjjjIJ 

*)! .^SixSs]\ ^3 ^y3j>y Lo-S" A^jy>A\ a*j j-dl ^3 s-ljjJl ^JL>- '^-^h d-Lta 

• ^ ^'jl I ^ j »o A^j \s ) I ^ ^ ^ y& A»o«J ^ y*+*S L A**) l_> ^ *» I Lj ( ^ w yi 
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a_j J iJ ^ y~^ j-b oljjJl J-oUjdJ <=cjJLj ^\ (1) I ^_^?l j-^l <y° 

^y* La t_s^- > ' t L^w»-^vJ>- 3l j-a b-ij! bi bj-w»> ^ J 

. l pOJ>s^ Aj>jl*_oJ iwi-L*_oJl *ljjJl 


C A^bi ^aj I Jj>- A^wJg-j 


ilJJl 


^ »W ^i^»j I 


j^l yy~ L&Lolj aj jj UJ l I oLjjjJ ^.Jg-x^3 ^3 AlSLcLa <uJ 

di_L> ^i_p LloIjI (J^L>c_> t aJL>- j .1 lw\_^_>- ^-^-Ugjo L^_>l 

jj^L> ^jJl SLJ .LaL»J L& Jjjj U5 L^>JL^ j IfJ jIjj j o ^L^j>-'yi 

jj cjLl>jo> cJl ii jJj c ia_A3 L*-a 3 1 j_oJl Ja-La- Lw*Ja 1 

^Aj^jU ^SbJ l ^ ■»■%■> > l ^ *.v»tf i 

^j| ^ ^jLJI I Jpl ^ y> self-assembly ^UJl jl 

^j^2j3j>-\ LoJb dJ Lo^atJ I jl ^^IbJl ^s*o->s_xJl o j^3j .ijbb ^Ju*_4o 

jli c ji_b jjJL>c_j jjL>c_>j *^j_> c_> JaLoj^l jLS" bli .L^J ^-Lca aJLI? 

L^-^-jLs dLb yL><Lj oL>cJl j^x3 jLS" blj . oUajljjo j_^ 

0 ^jjJl 0 j-Sb (J' v ° 2j L5^ ^ L^jLUj Ja-wvoL C 0 ^SbJl 0 J-A jj . L<*-g-^L>tj| jlj^*J t^_3 Jj~n 

jl ^3j ^j-a o y>x ^ L C—L*3 Lo-^o- 3 . ^Jd)l JuL-^I ^ y>~JCZ o y> c-^a J_*j>o ^Jl 

jlolSLalj .^Jjjl ^Jub*>l ^ LoJb tJjL>tJ Lg-oLi |t— Js J>ej j\ ^Jd3 jl 

o ^^Sbll j .^Lx-S *lAi>-wL} iw-J-laJo di-b (jl c b ^-^Jl L^_3 Laj| 

(JjL>&j aJU p^^>sJ| aJL>- w\^»- ^j^I Al^lSjl L^lslb ^abjiJ 

a^LpLaJI ^ jli j jJ j ^-^JJ .A_iUaJl ^yi ^ j jI ^^2-Jjij 



.oli>c-jJl ^j-o aJ^LuJI 


'I ^jlJl ^P ^->cJo llA 


c a_Lv^ ^bl d-’jj-A bl a_Lv^ ^bl (J*b>=-j y* ^-s-o->tiJl ( JJj>cJ ( J-?-*- ,j ■^->-\ j 

b-U_P j C C^-3 jJl 0 Jjj Lo jJu CjLaL>o j/ 1 ^3 C ^> y J LgJ j->\ O-j jJg-ygl 

^3 ^j-vwJa-L^->a A_oJ .(jLo-*lJl ^ j- 4 3 ^jS' < 43 jJo 

^J-43>- ^Jl A-™JL A^lb (jLo-*bl jJj>cJl A_gj>- JJJ t A»Lm£ 3 j-Jl 0 

J^jIj 0 jJ^I Jb^-P (^1 Jb ^j| ^lx>o ^ Co Ij .Ao^i-v^l ^^JaC.*-^-)! 

Olo j^voJl 0 ^J-P j>4j y\j3\ ^s^>o>tlJl oLcjJ j .b*^-Ja Abolj ^ j-U^ 

.L&Jj jj ^ll I AAj ^ laJJ bij t aLv^ jjl 0 jj | jl j^- c L^-ba L^^AjI o_^J 


^ jbJL bjlb-a b j-^-P A_A-^*_va ^ol jJl ^-w<>->cjJl ^3 (_£ jbJl 
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CjI j-oLJl yA ' i ol jj>cJl ^JjLoJ ^£3 . L*-a oljo^J>cJl £_^J>tJ ^jJ I 4_iaj| jJl 

i JllJl J— - Jlp .OcJaJl <y Cy 3 jr~^ jjj A-o ^SJl 

^3 ^j-^>-jjwL^Jl oj3 c A»Jwj>-j jwL^Jl Jajlj jJL> oL>-^woJl c 4jL-*-yaJi CjI ^JljJl 
jl oLXj^j>sJI t jjL>^Jl e-^^atJl ^j-^c-^5"! oj3 ^JuLw«Jl s-LoJl 

Lv^jI A»J^j>-j jwl^Jl Jajlj jJl ApLwvJj .A3 ^*Jl ojl y>- Ag-j3 wU-P pLj jL>cj (J j->eJo 

. Aj j_j>J| l^ijlia jJ AjJJ 3l*j j/l A^j^Aj ^j JSJji ^J-P **— jJl *l^J L5^ 

^Jl £-L<>Jl yA j jjJJI ( J-^pUjj l £*a C ^ ^J>-I AjL^*_ si> aJ^LjLo CjI j-oIj A_^jj 

0*>\^IaJ| ( Jwv2j>o . A^JajJl o3w\_*J^« Ov^pLaxJIj c Aa-Ja-wJ ^i_P jjiiaj Oj jJ 1 ^j-*->tj 

L^jI ^1 c A_^9 L*j 2 Aj^>c_Jj L^-3 wL>- jJ j/ ) aJ j— £• ^L» dr° o3 J_*JLa 

L«l . ( o Jj_LJo *Lo jS o jJL 4^9 jj^jj y>-\ i)j J^\j jJ tX-> JJl (j j ^SsJj/ IS" O— *-J 
Lo^jw« J5 yyi J-JJl ^j-Jj^a-cJl l 5 ^' <£ '-^ >c -*^^ jJ j_g_9 ^.yg.^o La 

jJjLi Aj j_ 9 Lg-lSO c La A j2^_*_v 2 A^wJaJLll o3J_*JLa 0 *}LpIjLJ| o Jjfc j 

. w\»JL*J I OwL) J-Jo ^L> j^j ^SU 

^Ja^Jl ^Lp AjH*-a CjLo^>- jl CjI j 3 ^ jjLJl plUl t ^jI JJl ^9 

C O^Jj>m oJ> J ^3 L^vwAj oLjJj>J| i»— -J jj .^-3 A»Jw^j AjjjL) A-Jo ^J-P jl 

Ml A 3 U 2 JI ^j-*4>- A^-i_} (. Aj j3 A^ jLU JajIjj IjL^>-Ij AjL^*-^ -lijljj IjLp>-I Aj ^5s>j 
0 ^LJl (1)1 ^«w^j>sjJl ^j-o ^jjJl IwL^J A_^wJg_*Jl LjI^oJI .Aj 

4SZ-x~a AjjjLj ^ j Jj.yg.li I^Jj C A_AjjJaJl oJ-^j j_*j 2 J>o (jl ^Ssj*j 

l^-ijjJl _^l ^Ajl^Jl ^^vwoJl ^1 AjjjJl 0 _^-^l Ajj^LJI ^^Jl s-Lo ^3 Lo-5" ) Ij^I 

j/l aL*j2jLJI aaj jJaJl (j^^j t^_9 j_wj ^jl jJl ^w<>->sjjl l)| .(^J^LiJl 

(jl t^j>cj ^lll A^-aJa^-oJ I AjI jb j v i j-wjL>cJ| 0 J\* ^y 3 ® Aj ^ jIj C^IajLj? 

.^Uil wLi^Jl J^j Ls ^j| ^>JLs-vsJ^ j (j jj li a»j>- jiLj? Cj 15 1^1 cJ 

A-ol jj| ^lJU .CjLoj jJLSsJ j / 1 C^LiLwJaJ ^i_P ^j I jJ I ^woJ>sjJl j_v 2 ^j 2 j j / j 

J I pI yiA*)} I Aj LoJ>- A_ol_P f-[^S>*)l ^Jw<>-*JLvmJ (jl ^5 sj>-j ^^j>^>cJjl 

^jg-^-j 6 — 4 ^JuSl-^Jl (S j-ij .liL>- jl ^ jl iJLv^^ jl LaJj L« ^Ja-^o 
a_*_>jL>- ^jJ Sam Stupp j_> L>c_j> ^JljJl ^wo->sJl1I a_^>— J a_*_]| A_Li>jj/l 

cJjVl ^ .^jljJl ^s^>j>tjJl yA (jL yL^A t aJL>sJ| 0 ^3 .(j^L-j^jj^j 

LlJI t4_oLw2jaJl I Jl aJJl _o_™J IsJiA* iL 0 J 3 olij (j>J , J IJJI 


A^j LwgjaJ I i Jl jJJl c o-Xj_*ja a_1j jJa oUj^gJ ^jlJJl ^_sj>j>cjJl ^cJLXj 

gJa^j ?-*D\Ja ( /^j ^SJJ Lol3 diJ-j Aj^jLJI ^lJI i .jJajJlj A^^zJl Aj^jLJI 

*>\-pL>- f-LoJl o^SJ) A_La I j j-Aj jl ( pLoJJ LUl) f-LoJl jjJ^j ^U-jJl ^J^axj 
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wLJL*jJl o-L)-LJj j_S\J 4j| Lyg j1 1-La j . ( CjI jJa_3 ^3 £_^>sJo oL>J 

.ol ^2S>- 4jJj> cJo ciU^J ^jUJl ^wO->cjJl (J Lo-*3Lw*> I j 



*wJ ^JJl ^1) (Jfta ** jJai)' -1 ((J^V! : 6 _ 4 JiLiJl 

j^JaiJl sift iaJaj ^la...ll J~Lj ^ j»5c>&Jl JjL-'il ^ ojj^aJl ^ j 


. Stupp Group , Northwestern University '. *u3l ^ Jju oj j-.gll o. 




r*’ ^ 


jijji 




015 L_ 


J .j 


.oil5J ^j^Lap-cjI j c 4jiIxpx_^>Jl oL^ULoJl ^3 ^jj 43uLlij t <c^a j^p 
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^ a^oJJ 


^C-LoJl <lj\jy\-i .^jljJl ^wO->cJl!| ( yA J ^- 1 djIj^-LJl <LwoJ-J jj 

^a aJ ^^^J l eill-i c a_o^)LJxJI dj|^^»LJLj j^^^Jl 

j j_LSj ^L*JaJl 1^ .A^JL>^>cJl olj ^-LJL; oljojj>- aJ j_$C>Jlj c A_> j-Ul 

,<\fjy>- ojjij (C 12 H 22 O 11 JJ j^CwvJl) Jl (1 )j£jj L A_OjLJ> OJ ^Jj j^aJl 

A_^oJj ^ ^>-1 A^p-U LoJlP j C A^j>- J 1X3 CjI j j_LJl <Ux>Jj yf-*J 

oj ^L> ^ ^ jVx^ c cliJ^ c ajj ^Aj ojJj (J Lo-^jXw*) L> J ^_L>c» olj^iJl 

dA-Lj .J j^j ^ c l.^. ) a_j^_^^»J| ^1 ^_oJ I ^A_p ^^3 0 *_v^ 

silicon boules jjiJJuJl ^Jljj jl .SjJ-Jl jl c o^JiyaJl ojjJlJI i?LJI ^L^cJ 

. aJL ^JaJ I 0 J_g_> W W j I ^+/s~) Ajj j5j>J I I j_jJ I ^ I 

^j_Sjo~oJl yA ^_*4J IjLjj-l A^oJjJl <-3j jbj Ol J jJ-Jl jjJ-> J CxJ>-L> 

Charles jJjLU -Lai .aJjJLa yJ* 3/lSjJJ Jj>-lj oIjjJlJI J^-=r 

IjjJ-j j j_^jj ^olJLoJl a_> yj Lj cj! j j-C ^jUjLa a_*_«L>- ^_3 <ax_p y^j>^aj Lieber 
oL £ yJ) j c dlLJl ajLxJ aA _> yb a_oL>-I ol j j\j yA AJ J^*A Aj^jj\j j jjjS C_^~olj3f 

C-a.ygJo . j jiLLJlS Ajj. 5 Cjl j jU J C ^ jJUJl |»jj JjN I y3 ^j-%^3 

y$-^ ^t^I ^- > c - j (7 — 4 ^j-SCxJl ^3 aj^jLxJI iit)C^3/l tjA_L> 

. cjLJj jX5jj/lj oL y*p - Jl © ytS o 3 / Lo-*ju*< I LgJ j <,oJ^j>- 



jj_Ul . jLjl jIa jLj^jU ! 7 — 4 ^jb^jiil 

/ j jjb ^J_^L*Jlj t j & ^6-Jlail 


^ j_JU jJ>- 


. Kz«g Group, University of California at Berkeley : XXsl y> X*j 5 j j^aJl c— 
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o 1 

I Jj>- ol J j_ Jl cdJljJl Jws-aJI ^3 oLJ^U LJ Lis j 

o j j&sj* c->l>L-SJiju (j i)\j <. oljJJl ^-o*}La l^Jwo Jj>-I ^J l i. JLj Jl 

<LJwAj ^A o j .(ol ^-a j-oJl) o j— *-yflJl A^JL>Jj>J| ol-L>- jJ| o^. -Mj^' cy 

j^i ! i ^s*! J *• (J-^llji <j jjij j-a <j *y 1 4_*_^«i j 

» ( ^j*a lJ A^-^ x - — /? —a c _ ^yj ^ 1 

jjJlS^JI j ^j-J-^J J ) ^_Jl l ^ * <a^ t a^-p l^..yg.] ' dJ ^o»J ^_Jl JJ 

• 0 S* A^ —b^—^L— *-j c *3 1 ^ 1^ >0 1 aJj ^ 1^ c *3 Lo^^^* £■ L—o 0 3 Lp ^ ^ .*^2 j t ^ j— w— a) I 3 -t_^— — -^-J I 
Aj>-j 3 ^Ip ^ UuJl^J ^>-1 j-° J-* J-° Lg— 3 *— 3lyaj ^Jl t Lg— 9 ^»-SC>cJLoJ 1 0 

1^.0 bei t^_^_*ww— vwJ Cl ^ 3 33 ^ “^-3 ^ *<— ^-*a A— J-w^*.^" t — J £" LwJ ^C-— A j/ I ^ ^->3 O^^w-J 

Lo £_L>lJLa j_w 2 j>o Jpl ^a *LL--d--*< (j j-^-*-* 1 j-j j j-j A_*-aL>- ^3 Letsinger 

iJL ^p^l <UJSJl . oligonucleotides oIJlJ ^J iSJj ^*J jl ^ ^ o— — j* a 0 ^v-%_a^ 23 
^<>J^Jl^ c dJ I -C?*~ ^ o-Xp ^-a 'j C o-X>-lj o-Xp-j ^ajjj^Jl j£o->) «iJL 3 » oligo 

ijU-i' CJ^LpUj A-Jw^>eJ I Cj'y 'y L> ^o-^vJ La ^3 ^Jwo-xJL*^Jj . ( CJ -L>- jJl ^^a i j~-> 

. ALL*-a Ij 3 ajL*-*> *L-J A— SJ AJa^wwvO 

^j23 .c_^L^ww*<I oJ_*J A-wo-AVl ^-a t\_jLp Aj>-j^ Ljw\J| ^J-wa*^L^) f-ljo 

oJ_j J_^- A_j y^>- ^_L> ^j_> 0 j_A A_1 jJ_>cJ| A_j aJLLxJI 

^_V?J_» .^JLSLJI A-d_)li ^ 1_P taLoJCpI (obj J jj C 3 ! ^-a C j^sLap) 

^j»a 0 Ur--^ /^.-O I I ^ - ^>3 C ^^c_J I bj w\_J I ^ ^ L) 3 C«-J 13 

^a aJ_*^sJ_^> (J Lo_*JLwa L> A J_J j->cJl Lj 3 J .ya ^>cJj . t. ■> j_Lla^>Jl y-^J dU-S 

olwLCcJ_S"jjj_i-J j'y I j^/2j>sJl] A_J^>cJl oNNl j c A^jLwOw^SbJl Cj ^>\_P LaJ I 

^j*Jj jJl C LL)/ Ojj j^-dl ciLL) ALo»«JC^vwa ^a jj ^>cJl Lw\Jl Aj jJJa^Jl 0 j^v2aJ! 

.A^3 jJ y % cIpLwJj ( J-aL^a f-L^ol ^a LJ-^-P ^5Lo-> ^ 1 jJJaoJI 

^-Jj ^Jl ^)[| ^-^A 3 ^-A AAj jJaJl 0 J_A A^A^SvJ oJ»c>cJl A^La^yi Jj>-1 J 

.^SLwvJl a^JL^oJ 

iV ^ iili& ^‘lAJl ^ ijr*i ^ 4 -^- 

oJ-A 8 _ 4 (^3L>-1 Ij3 Jaj j— i ^-a ^3U-I Ij3 Jaj j-Ji L^— 3 Jao jj 

jyljjo A UjJI jl ^5Ju .hybridization ^j>^JLj oLL-^Jl ojj Jlr ^\ 

^_ia_^J c8 _ 4 ^Ju5Lcl]| ^3 .C ^-a L 0 JI 3 G ^j-aL-a^yi (jlj tT ^-a L 0 JI 3 
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$ ys>- U^l— ^->"1 J— *-* , l^ ^ yjz\ Lib LL ?-j ^l_ wvwJl ^_9 ^UJl (Jj-^l ^—Jl 
^-3 5 yP^- y& ^IJJ! ^ ^-J ' I J_A L)J .L^Lo^J bbl^JJoJl ^-%P 

oljLwJfljJl jJ^S ‘CoJj . jj ISLu L*>UJl ^J-*->c_j 0-^>o UjJI C-j2-pLv 2JL> ! <L*-^JaJ 1 
^tJ^Jl ^3 <LL>»*j**w<J I ^jy>Jl I J^J <\^~£ j?}\ 



<jl UL^ ^lil kw-oL^-i *UjJl ®JJ j-*-~J l%— ! 8 — 4 J5LJI 

(jl J^l j-wt- ^—>13-1 ^jjj l 4-o-oJLo LklJ jl Ja^)j-» UjJI Jajj-J» 

JaJ ^Jl jl ^Ua^i-'yi 

.Mirkin Group, Northwestern University \ 5iii yj J^o C— ^il 


*lxJl oUJ j ^jjUl wL^ jill 

4JJj*jj*JI 4^+>l M >j')j I e-L_J I ob_Jj oU ^SJJl y* ajjjLUI ^^wJl £-^g*j>cJ 
J Jl3 . <Lol I cJjJj olp J—bJl ya y .SsJ . L^*_s3? I j^j2^S' 91 Jl tJjljJj 

^jjJl ^J-~Jl ^-3 4_>^_)lJ LlJLsL) U*j^>- ^jJI I J_a o y3 LajLw»» UJj 

jlJJb ^*_ l J-j jj LJ" bl 4 _v^L>c_>j c ^ww4>Jl olJv^>tL^ j>c^j JLo-*jl^L 
c Richard Smally ^ jjLiJuj jJi Jj j .SJl>-Ij bjJU SJl M t<bLJl 
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L)l t ^ aX^s 1996 ^ j-> oJjL>- e^L ^dJl 

j\j> 0j3 O^LoJl ^jjO Ol.yg.J j\ 4-*~v<2J oldJ Adx o 19 ^c>- (J 1 ^ 2 ^ ^ cs’H ^Lc>cJ 

23 L^ Jl 6 jj>o ^jLu J-^jsJI I j-& aLLp ^3 djIjjJl 3 -Lp d)V c ^ ^j>-l 
dlli jlSD ^LoJL> 4JLbc<>~a ajlxA^s ojjJl clS" J .1 

•LP Jl Ja-s>i^<Jl oljjJl ^ 3J_*Jl 

i g- Jg.^ ) I o ^A_j JwJj dd-o-P ^ jj>-l ^-L-> c^LJj “dL^-iwo-j (^pL^Jl Ja«^>c_oJl l)| 

^3 0j3 (1) ^*wLa (JwC*~o-; £-w<>o>dJlj .(^ ^g»-l j-L> 0j3 «U>w^vC>“ <oLa e-Lo <dLo»P Lg_ldaj 

*LwJ ^ol jjJl ^j-a I j->L*g 17 Lg_Cw<^j ^Jl 6 j->o OwLa l^.ji (^j_*JLwvO dollll 

djl_J JJ I ^_)dJl (jl ^JjLUl Jb^-w*i ^J-P 0-loUl O^LoJl ^a 4_C2 j>- 

<j wLs . (oIjNjjJl j-* 12 L ^j^oj ( jl 6 j->*-> LJL>- (^jL^u oJ^>sJLoJl 

AojjlJ oLj J->JJ (jjd>dj ^jjjJl did] J jl La Jj>- ^Jj UadCa |j_A 
^cj>- oljLw^vJl ^j-a JS" ^-d/g.x-1 iiljwAj Lc& J j_>c_j ( d-> L*_L_> c_^J L> LjLP 

.AojjLJI ^cJl ^Jp < ^ g "^ 3l ^a ^.yg.j oJipI j J|jj ‘Uj (jl jl I t djlpd%Jl 

. oLJ j-5L^Jl cjLLi jj>- j^-a 0 j-~^> <=-Lxj oLl^Lj oLp <L>j_>IjJ| ^pJl *Ll> Ij_o 
d-LL* 0 tlLLw*-!^ .4_>^_)lJ ^Jg-3 Jl ^J_p oLJJl dU-> ^Jo>c_> 

as J iwA^-ygJl JwpLLJI c j\jc^3 .a_oLp 0 j*Jk^ oLj y>- olj 

4_laj| aJLc 5 jl ^oJg-lLa 4_Lwo-^- A^JiS I *LwJ LJLp ^^>3 0 'j^S j ^Ja_^ ^a Co 
o JwA> ( yuoj . ^c_Ll^> ^i_P 4~CC CcLL^jJl C3I3 4>LjJaJl dJ lL)^>J I 
^a iLji iLJu*. «l)15L3i» iJiS” j .alkane thiol jlSD^I oUoj^Jl 

^c~ J i^J <^J^' C 5 * £_yJl Oj-;^ _ jjjjiCJl iajljj 

lo (L 0 I 3 ^_^j>CL>) Ja-o l 3^1 
Oij t ol jJCa ^U <UcJflJl ^"Low^ (j j-5^o <l)i ^j-SCo-oj .OwL^lj ^o j_5LcJ 

^j-a ^J_} C do! jJI CjIj 3 ^j-a j .lwd>“ ^j_» j-w_S" (jl jJ^'yi LaI wL*_j (j^_SLj 

^acJ I c_*CLS" wLflJ . jJ I j^^-Lp (_5^ ^ 0 LSLJ j/ 1 CC—j da lJc^j>- 

^_la_-a Lp 1 _ 1 JiLcJ I ^3 Aj^jLJI AjIjJC-U <C-a ^-5Jl Oj^LwoJIj ^/?L>cJl 

.^-vJaLkJl ^-LaJL 4 jjjLJ| as LiaJ I tjLo-*dd*<L (jlSD'yi <^S~i jS ^a j^o>o 


(. Ao^l^Jl f-L^o^SsJl jjL>c-a ^ o^L P Jo>- JO ^Jl <P jCCoJl dgLo^>cJl ^Jl AiL2>lj 

^ j»a . Aj L ^ I w\_^" A»o wt^c_] I A^J^j ^^c_j I P L-— L I *> »o L«_ J ^y/2 ^Jw^— wwO 

^yJl) carbon nanotubes iojjUl jj-j^iLJl ^-jL5l ^^-*-4 idjLUl ^1}\ dUc 
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a>jJL!I jLsisiJl j ( yS yb Sumio Iijima y ^ y^ U r ^y> Jjl (1)15 

<l)3t*_<Jl jl JilyJl cJLy aJ l jl <l)j_£Ji~Jl nanorods 

^J^Jl^l^oJl oLwO^S" Jpl (J Lj AjJjljJl (1) L^vfl-4.) 1 oJ-& ^Jwyflj .(Jjl J-*Jl 

.^A»LioJl ^5l Lj 5 djwL^j ^JaLwvo L^j 5\J i <u5dJl 

Aj^jU 4j^jU (.-j U I ! A^Ul AjUl^Jl ^3 AajLJJI J? ^w>cJl 

^—1-3 ^_3 f-1.3 ^_^vJl oLoJl AJ^a (1) ySL^J ^jJl C^-3l j_i Jl ^wo->cJl 

^ jJLs^oJ 1 ^3 i) jS^Sj Aj^ Cj'y UiJj/i ^2^-Jl aJ^^JLwvOJ jJl 

A-aJLo^ .lw\j>- ii ISvJLs*- L> y2LX-> ^_Lp 5/2-*-) A-O j5 

^Lp A_^ul J_~o CjLaL>- ^3 l*» aJs/I ( j yjS CjIj3 ya clUj cl) jjj5sJl ^jLL/2 
^J_P LoJw/>“ 1 1-^-) ^Lo-Lp . ^U-jJl 1^-^*“ <51^ A^) jl j£> 

0—9 1 j_*Jl oUl ylsL^>\ .A_JL&wLoJ1 y>c}\ yjl^j o5\J (. > j— j! ^JlSsO 

oO>-Ij 4j>c^JL <0 AjI 1 aS"Lo— o (j L «J_LP j .Aj^jLJI (j jj j5\Jl t*_— olJl dUj 

> 

f, > p. f. > 

O-J li ^ 1 j^Lxjj . jl Jj>cJl A_oL>- 1 Aj^jD i»_— olJl C (1) ^1 olj3 J 2 JL 9 

l y&J C lJL>- ^JoJj>cJ| ^ jJL—oJ 1 ^3 A_^J_L^oJl A/j/Ul 5 ^Jjl yo Aj^jLJI 

3 aJL&J/j AoL j-^5j AoL)J-^3 j/>o C-Av2Jo 



jld^-l ^^1>-1 ! 9 — 4 

Smalley Group, Rice University. \ iisl _U j Sjj^aJl C— 

l)I c 3 ^ jjLJi ^o'yi ajLloJ LoUj a_a^ 33 oi jJ^XAj A^>_i 
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I o ^L p 0 - j y> wL^*> o ^3 ^J^j>cJo I^jI d-j^o ^jjL>c«oJ! 

d- 4 <-JlAj 0 j jJ^jLa /^SCo_) Cj! J_) Jjdjl Li3jj .Si d^^ ^Jlp j-^ 

o i ^j>- ji^do i-L>“ i (i)i tou^^n o j^s> ^iji <-> jjUJi tw^oij'yi 

Jj>- ^Jl (Jj j^“l . dUi ^jA U J JJL V > d^ 8 

j ^ jl ^ i ^ j \ jJdvJl d^J*^ d^ 3 ■■^■^•^ l) 1 -d>- 1 ^Jl v > l) 1 ^-^<>->cjJl 

I gJa^ J d^' Lr* iA-JaJI) stratosphere 

.^ylJJl aJjj J^^>dL) aJIj (^jd>jVl ^Ja_^. d j-^ I j-^ 9 d^-^" 48 j 19 ^j-o L« ^Jl 
^dJl il d^^ ^j-dal d^-^-J Lj d>Lj! C-^-oLj^l di j^Ull *Lo~Lp ^A jJ^S d_S" j_j J 

i)j£-Z U d^ d^ d"*" 0 d~° L5^ dNl L ^>- d^WJ 

-dSL^a ^dJl I3_& d* 0 a^_L?LaJI oIjLjJI o} • ^^Lp 

il j-a t Ls jJl a^JL ^^\jCj dxwd^Jl ^jA ajjjU! LjLdJl L)V L)^l 

^3 Lo-S" d->L-w^>cJl o j-~^> d^S* j-a il j^o pLd ^ *t_> d j-^ 1 »-y2dJl 

AjlJzs>- C JaJa3 Aj i>d^' ‘— — ^L^l d— J .C^-d>cJl oliJ^ J dd^w^'Vl 

05jJ>- JA C J d^j-^Jl ^-3LJ| L^-Laj l d L) d* j-^ - ^ d A_*_H?J 

d->l dUJlj d*?^ LJLp Adij jJl <ij\ y^s>cS I ^5 *!>L*j cJLo-*dw«'yi 

^i»P djd ^ L) J J-? d^^^' J 3^/ d^^ -A-d A^JjLLa ^-^Ld-j wLd A>jjLa^_i 

d d^^ 8 d^i (jl aj dLJ' ^woL*yi il d^ j j j- 4 

^ dJlj La l -s/^.-oJ 1 J_ipl ^s>^3 . AjLI-Xj ^3 cJlj La L^_*-dv 2 J (j! t ^-LpI 

^-X-d-Il d-° d^ L_) j_)Ll]| i_^oL)Vl d^ 8 ^Lal J_P d d'*’* 1 ^-^•d > — ’ 

(j! ^^jd dLLp L^_j d^" d^ *^Lv 23 (. Ajd- 1 ^! ‘^-oLVl ^^-Lp LJL>- cJ y^oj >^> ' 

diLJ Adw&wL^Jl AdL»d°^ d^ ^ d^d ^ ^ d^ ^ AjLaj d-*^- >L ^ J 

L_) d^LJl ^woLjVL; AdLv^>t^<>Jl oL>cJLLoJ| L^yflj ol ^-a t I lijwL>c-a d^^ 

^j-vjo ^ j jLd>_>3 ^j»SLjo ^_^-Lp jj>-LloJI (. 3 d^j d - ^ j cjIwLj -X3 

d-o~s^ Aj dL-ll L^. oL^I d^ *° d-*-v^ y^\jLA CjL>dd>Jl aSjb ^3 ^JL*-wUj .v fiJ jJ^J 

jA il yA d -A 0 d^J d*-^ oL>c_ 1L<>J| d^^ J-^ 9 OiLa d^d^^ Lj^Lp il d^ 9 

l^Jl ^1 c^lS/I dJUb- oLliLal d^ 9 US' JLii^J N L> iSj^ 

L^Jlp d j^ 3 -^ d^^ oULSLa^ll oJ'y d^^ 3 d^ 

i^j L Ml Lo Ld 02 -^ 1 ^ d^*^ ^ vd 3 ^-oJ 1 v. o 1 d" 5 ^ 1 d^ 1 a^J . a_> ja LJ I 

(jM->- d^^ *°J^i L d^ L)1 a»oL) ^^ iLll l^_dl jj>- ol cA^d^LJl 

ji dSU. oL jj&y\ jl d^ 1 ^' Qz d^:^ 1 J 5 ^ d 5 ! ^ lJi 
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g-L L 4j2_yg ^J-Lwa^Ij ^Lp^l I c— > V 1 ^3 'jJLCLi 

jjLSJI JJLJl cuiLL^ jl *L*_L*Jl LldS 

L^JI L)jyA J^rjj .o» jULa 0 j 3 ^Lj-^-SsJI LLiU tL_>^JL> superconductor 
d)l ^daJLwvo L^_»l 4_dL>cJl djl_> jJajJl (J .^j_3l ^ ^ ^ 

^oU*>U LL3jJl *L^*jJ| ^lp g-Lj L j^Jl ^_3lygjl jl J^l jjJlS" 

4_LygL>- y> y J-L--L (_5^^ d y j ddl Cy 3 l£ y^^^ -d j-*Jl ^1 jd <^Lpj 

a_>^jLJI ^Jwv 2 j 'y .(doping 4_>Ld>^M ^PwL> <cd^»p ^3) 

(^wolJl ^^o-^sO . j.-yg.; 1 *L*J LL Aj^jLj (j ^dL-L» ^wolJl <Co-> C .Jg.-fl 3 (j ^S\Jl J^g 
OwL^J 4 - ■ s <g. l >cJ 1 LoL ^g| ^J>tJlj C L j_jLJ 1 o3l_P L j_)ljJi (j 

4_o j Jj ^J-yg y^ y~* ddL>- ^dyg, Ji^Nl JLj 

^Jw^yg jjJl Jg jJg _>- ( j-oljLg ^g AXoJL 1 jJ>cJ (1) ^JjSsJl yy\ y> ULg ^Jloj .Ljjlj 

c 4 _j j j_SCoJl ^j| ^_JL)I ^j-g 4-dl ^j_yg L* y~\ ^3 oil j-Ss_oJl 

^51 J^g -L>-l J jjU-cjJ L ^_*_g L_> ISLd J_9 JJ -iCwLsljJl 4_4 j L iJ 1 0*>Lwyg jjJl 0 j>3 J 

^j-P ^J>-ljJl 1 jj>cJl Jj J-jJl j-kj C LdL>«Jl ^J>1 jLlJl ^ .%,.<>. -yg.j ^3 JjJjjJl j^Lyg-* 

Aj^jLJI iw—olj'yi ^3 C— >c-Jl yS' oU j J j3JJ 

jJj . 4_p L y?Ji j *Ui*Jl t yA Lxi>-L-g L p ^- g j 4 _>^jLJI 

> 

3jJfeb>- (^ j-wg CjLS* ^_ jJl dJJu j^Lgl J c Lg-x-L-yg-) OwLjwLg- CjLS" jS> 0 _Lp OJ-sXol 
Phaedon 4_p^^j>c-g wLL^g ^Jwo-^JLvd 33 ^ .L^_>L>cJCwg ^j^-vwJsJ 

oli oljjJL^jJljJ ^ ! ijjJU !>L*i IBM i5^Jl Avouris 

<^JgJwoJ 1 oLI^Jl c^^jI j (Li j^L-LwvJl Vf\ yb j (^ ^j2j 

^jLJI <c^w*> y>d\ i>jU LjjUI ‘uJliJl 

j^-g c L^wJg o3j-g- j-g LjjbJl d'^L.gVlj ^oll'yi OjIS" d)| lij ^*-g ^vwJj 

HJiiJlj ^3 jLj^Ug*)U 0 j5wdl JjI j^Jl ^j-o 


yj Ld 1 |^»i>% d l . ^ 3 ^3 +/2 ) 

^Li j-dLJ ULoJ Lg ^ a a ^3l^g ^d_p a_w_^S" jjJ I g-Lwow^SUl 

^.£3 3 I ciilj y* Lj^lg j LjjL 3 I ya jdo <ujL5" L»1 . 0 ^3jy>- 

^3 3 ! I Lid)wo~> <lLL^vJI (J ^-vg-L ' ^3 ollwtS'l LL ^ 3 ^^ .^jldl ^ y 

^1* L^d I t ^3 yS' I <Cg L ^y^\ y^~ y> y* l— d ' ^d^Ll 

ol ^o-J y*^\j (j^l^oJl ya j-<dl (_5^d^ (Lg^--]1 OljLiJl) (^jdJl 
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ii^LwvJL <W?L>cJl 4j>-wLojJl jlSoi j (. Aj^JaJlj A^o^kbLiJl jlSo^flj 

|*-L**Jl ^3 ^bo^J CjLJjIj jjj Jill ^y» o yy> Aj>- ^Xp 1 c5 ^bJl 

• c^j^bJl 

( J 1 _v2-aJ 1 ^.3 L&lJ jS s ^jlJI clU-j ^-^-3 aJ-v^JI a_> j_>cJ| jLSo'yi L>4 

ii j_i_~Jl j_p I j_3j c (j jJ j_S" o j_jli j aJ^Ljl<JI a-JL ol ^JLJl ! oJLlJl 
ikLuJl ^Jv^yLoJlj c £■ y+j2 1 1 ^J-pybd lj c j-o^Sb)l cLLoI^-woJI ^3 ^ ,«„.<>.■« /a)d lj 

cl)U IdJ .Lg-*3 a^j jJ j5bll jJdJ c^L-L>o uL*j Jj>- ^^xllj oU 

^-Lpj AJl> ^ibil A^jJdgJlj Aj jJajJl *Lo-iOl J Aj j.la.Jl e-Lj-uaJl ^3 oLlx^Jl JjI ^ iaJl 

a_>^jLJI aJ^*jl^J| ^w&LLJI ys ^^Ip l y^ r ^j 31j_oJl 

us® ^a- jJ ^Aj .i3 jJJL jddU Aj j j j^aJ 1 oLL^>Jl 

• c^jjLJI 

lda*-lj A-JLJL>tJl Adj^J>cJl ^jJL jddU j-ibSsJl dLolSwaJl cjLo-xdwd d)lS" -X3 j 
^Xj ^s ^J^slxdU ^iLojJl 0 j_A £-wvj JJ J .^jj ^C^xJl cl) jJLll ^3 f-L^^Ssj! dj|jLvad>l ^jjs 
c^uuv- 1 j_>- AJa^»l j_> j_>cj oLL^Jl o-X_£> cl)lj . o j— ^-3" A_P ^wXJdj j_-_5"l Aj^jLj 
^JJwo-jj .^IxJl t*l-Lo 1 ^J-P ^j_Aj aJL>Lwj d->lj_<-o ^_^-o«jj L o 


^jSs-<*j Lg_xSbJ t ^ jjLJI jjLJl ^3 ^-wo-v2jJ I Jpl ^Ja AjL jJa A»o j-^la-eJ I c. 

.^Lf!Nl j 3 \^>- y> >- ojjli ^i5"l l) j-^j j! 

lj owXpLw^j ^w^»s^2i]| 

(J^bj t. fl-yaJ ^J-P A^jLaJI <Lo ^_j! J_*ij I A_pl_Lv^ AjLaJ d-J I J L« 

complementary metal oxide semiconductor (CMOS) (^j^^.) d™S'l 

oU>JL^ ^Juw^ 3 A_) j j^boJl ^u \ jdJl ^y?.i A^j>- buLoJ I Jpl ^iaJl o wL>-l j 




^3 wL^>- jJl jA ^>cJl c^JJad<>Jl Jl .Aj J I j-^*< 


UJI 



^oj>u y* ^ o ^yy ^^»>sjo djijLsdJi ^y^ 

Aj j-x.-va.ll Jj-Ld 10 — 4 JidJl ^3 Ajll^oJl ciilxS" -U-ixdl 1 o Jj -A- d 
?-1^j>-|_j l ‘LxJ*j')I \ j djlj^^l ‘^-^-vaJl jj-oJ aJ|) A-JLoJlj a_.^LJ1 

. ( A.^ /g .i3 ^ A^-b^\-o ^| ^-ya ^uj l 1 >j c A-O j-vaj| A-pbJaJl 

^jjs A-%5" *^b^JCw*i ^ 1 olo J ^3 ylw<>-xJC^w<>J 1 dllj Ad>w\j>- ^j! j-d ^xJ-vaJ 

Ad>c_dJl jSbd-^ ^jl djl j jJLwjJj! jdll ^p-oJ>o ^ SjJ j^aJl 

Cv«-w? ^Ji oyy^Jij A-^ojji j^><Ji -L-dj /^s j^>cj b& j-^ 
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<1)15 t ^j\ ^ jjs Jj^\ ^ .L^Jl jj>~y 

2 J 4^3 L^l^v-S I o5 j_*iJl c^-alil j c oU jJ ^J-p L j-L) L^j jJu^j I oljl jJl 

l*J>xZ ^—Ls j_> LjJu) <i-L) tjLSs-Jj'yi dUj jJ 51 jjl 

^i_p o 5LL> ^3 ^jI ^JLJ l .SU .4_*_Ls'yi 1 . Jl (j ( 0 j-5La 

^-o*}\-a ^^-Lp (_£ ^-w<w 2 j Lai . JaJLs CjLj ^SL oJl ^-a ol j_JLp ^v3j 

. Ljwb 5jil 4j ^jJL L)1 I jL5 jJLpI ^_£3 oU ^SLoJl 

^al jJ <U>J J . Lu j ^j| ^JL)I ^Jg.*^a ^>tJl ^■■0.^7 t^L-wa^l 0-LgJ 

^5l ^c-jj j5Jl L>- L> jj5La <—J ^_~aL>cJl 0 -LpLw>J ^-wO-v2jJl ^^al jj 

^Jl_*Jl 4_>t^J j-Jl jJLwvwfl ^3 ^J>1 ^JLJI 0 j-w-w\_L^oJl ^ -o.^jj .4_LL*_^s v Aj L i? jJLj 

La Lo ^aj 4_!Lo j I c 4 *1? >cJLoJ ' CjLoLoJI < Q-^> jJ Lo j-w-U- CjL*J ^j5»x*_*JL»~wa 

.LLL- ‘Lo»o>v 2» L^SLa ^J-P <_£ j^>o 



(JljL,alJLa 


00 


^ r 


>— Jy . w«j 


L>J I 0 w\_p L^vwo-j 


jJ ^Ja*-*JL^O 


C->L-*jLLa Ob Cl5lj La 4_*oLiJl ^o-^wvJl ^L) J .^La ^-L»a ^a | J^S 
0 j5o La_U-P La I . oL-aLLa j (. ol ^La j_jLJl *5^1 jl Oll< Luj J^a 

C02-v£? ^Jo t Loo5 L>sJLs^ ^ ^jl (1) J->li 0 L 3 JjLJl ^*-L~Jl ^0>- ^^3 ^5l 
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(Jj3wL> ‘L g_3 j c ^JL^Jl ji— > LS^ woJ L> AJ^a-c-JLlI a5 j 2 *- o ^&lia JJLL-_>- 

A^2_j j^2 , i ( ^ IwJ ' I ^ ^ 3 0 3 I ^ ^ I ^ I I c 3 ^ - ,/Q.^ § . I I jLJl 

■» Jjj ^>slJ j_> (j^l j^l <X->- j - J ^ IjJ .£_3 jJLoJl ^_P LoLoJ A_i_Lla>t_>J 

|j-& <Uw*»|jwLj j_)L>c_^>Jl ^ yJLjj .(£ ^jUI L**Jl ^3 <-3 j^u-t L>Jl oJLpL^wo-j 

jli lwL->- a_oI jj^yi a_>j->UI ^-lJ! l] jJLw- ^ .^...a j jl ^j-S\J ^ ^ LwvwoJi 

‘L-dJgJw^ ^3 Aj^li j_^oL>cJl 0-lpLv^j ^J..a/9-lD L>c^U jj 

.Ljljj^.1 L) w\j>e_) ^JL_> v 3 ^- , "*' 

A« « ^ ll A^>-> J»P cJl ! j^%Jl <uJj!P 

jj_S"l j ^j_> I j jJLl I j_l« 4_j j I j_JlJ1 oj_p 

Aj j^jj 3l J_P I £_oJ>- JllJl ^J^-*-** <XjJj>cJ| oL>cJl*-<iJl . lw\_JL*J 

^•wws^l y >*. Jl jl ^3 c 0 J_p- 1 j 0 ^Jaj>c-j ( A_j jjLS' aJj_L« 19 jJlS"I) Lo 64 

£• jJ J . ( Aj jJ^S' (Jjljw* i y^a ^j_3 1 ) .la . A 3 CjLo 8 _> ^JwO-*J O-J 15 jj/ I 

^ j j5voJl jbjJl ol yLs' aj>^ 3 jj ^^>0 ^ <LJl*Jl a^>^ ^J l ol*J 

^JL*-oJl_) ^U-Jl j j*j L^y^y. ^ (J^-o-ll (J^"^ .aj>c-> ^- j-1 I Sjb J 

o L>J L joJ I j! lj-&j . 1 ojLp -cowJ>_*_j 100 y>*-> ^^-Lp ^ 

oJJL*_>j oL-J-*j ^_1_p j oil j_SCoJl ^_1_p ^ jS^>z-j jl ^_>c_j aJl>wL>cJI 

jUu jL^ .(pipeline 3jl j_^Jl o^Lp JJj ^3 Ail a ^ a 


jl 




^|jo_i_*jJl j cjLo-lJliJI 


j 


Aj-w- 20 oL>JL<^Jl 


j li CjLj-wJajJl j^lSsJ L>jL>o Aj>cj>-Lj j j£j v 3 A-JjJj>cJl 0 L 0 j ^>1 

Cj|j-^_>tj j j-Svj jl jr^ (Sji ^-Lo-L^Jl ^y* I 

I j t j ^L*»Jj| jJ 10 (J^'d ■^-^-^ J *• ^ ^Jl^oJl ^jj 

Alj^Jlj AL-la^Il ^wOJSx^Jl oLjwiJ jL>-^L^L) j c A^o^liJl aJ^IaJI CjI ^ dw^Jl 

o j>cJL^oJl^ (JjVl ^Jw«j>sJl jl J-& jJ ^15*^1 j-^-1 . jJ j>- 0 jj jjLoJl 

*J1j L jwo-P ^.ygj -L^i-L; ^_Lp Ij^li j lwL>- Ua— ^ v_) j^_Sv_> k 3 A-JJ^>cJl (( Aj jJ I 

^3 ^oJl ^Jl A_P ^JwAlol^ (( cliJ jjLa^Jl ^JL*_^Jl ^jI® A^w*)Lwo| 

^jj LJL>- oLxiJl j d)l ^ i ■ AJl 

. 4i-b -LjA)o 




oJlb 


•lS>' 


0 * 
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y o \s-\jj\ jU cillj y toljLLJl y>- j\ 

Jj>- ^Jl L*_^Jj>c_<>J I ^Jwo»P 4JL o .4-oL^vOcJl CjU^-w*) jJL<j 1 / y y£j>xZ 
pLxj 4_oL^5\j 0j_-^>t_j iSj^ y ^Jl_«->5 Jj>~j_j *y .wL^*_; 

(_^wU jl t <cLL>- £-Lo 4JL ^1? ^Lp 4Jj_> La (J c>c -^^ iS^ '~y~ yi ^ J <• < ^~-£' 
(w-wwwwj jwLoJlj L*yj>tJlj ( jJoL*^p'yi ^wL^Jo *)I j . ^..^jwLa pLu 4_oL5vj ^-A^j>o La 
LJLsj L^JoLJs J *15 ^_3 Jj2_>t_j 'y ^_yj *• L-g-SL^j j-* *L5 j ^»J_P 

.^jwLwvuLJl j\ t (Jj^jJIj 4Joj*yi 2js>-jj y-^~ t Lgj-a ^_i jjLoJJ 

(w-wj ^xJl *Lu J^Ss^oJl y> (1)15 bU ^lp ^LygJilJ ^oJi*Jl 4^JLxJl jJj 

4iL^>l 4_1 ?L^v^ 5 4_]a_^vO 4-o j^L>Jl 4_3 Q 2 JI oLj aJL^s 4JL jJaJl 0 J_^_j 

d)l *yj c La L gjia^^L^j <La jJgjwoJi <bs ^bjJ <w3 j-wo jjll^>- ,L$Jl oUJl^ 

.4_JL>tJl <~j j_^*<L>cJl 4 j>c^j yj ^j-v^ A ~^ 3 ~i *L> j~^y^~ j~^ 3 ~ j ®^Lp 1 ji_b 

^^ 2 -v 2 j>t)Jl dlb 4_^>ljw\Jl oa_g_> cl ) y yj y 5Jl <^— > ^-w*>L>cJl j *Lo-Lp 

swarm io^-Ul i^^LJl jl <, amorphous computing a^JI io^Ap 


Jl Ula jl 


Cfj 


I ^ ^-sw^c—l I 


’Lr* 1 J 


Ij-p ^Jlp L^ c computing 


ji 4«Joj^>cJl 4^w») L>-LuLa Oj^J ji 4_ Jj jU 


L jjU Lo-Lp ^**5 
. 4-^ y*£S I 
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: 2uU jZ\J\ j J»Ui - 5 


i^JJl iljJl ■ 

■ 

.... UU Jl Aj^jU B 

islisJl .kl&jl ■ 

Obj-^aJl ■ 

JajULoJI B 



oijj j^]y\ ■ 


^ oLjj ^^Ssj^n ■ 
4>-i X ojJI b 
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c^>sJl jjLja Ip ^a jLjjLJl aJLaxJIj ^>L*JI ^w?I 

^3j toJ_>c_LoJ! oLN jJI ^3 aJjwLw<JI c-w2-slj .^JL*Jl *L>ol ^ 

oL*-*L>sJ! ^3 j-op j-S" j~os5 jjUI ^_L*_1J ^51 j-* *-LJL>l ^Jl c ^ jj3 oJp 

J3 j/ L>e-a ^3 o ^ 23 aJ ^J>o ^ <«-3 C ^Jcygja.Ji lj_& ^3j .L*«J jJl 

^^3 jl I aJ^>cJ| La I 

' Cj^i ajllJIj ^-L*Ji ^ <l^vwo ^J i 

^ y>*j ^^xJl (^ 5 ^ Laj 5” jj ^_3 j-*-a LjwSLl c ^JL*Jl ^3 o j^LSL]| j 5*I ^<>Jl ^a ^1 

j»Aj C (1) JJJ y) A_*^aL>- ^3 ^oJj>j| ^Jl jjl £ox>jJlj jjLJI jS ^3 

^Jl 1 .*uS" ^\ AoL>eJ j/ I 4-a j^SUJl aJ j_oJ jjUI AjLLJIj ^_L*_U ^5" ^a jjl 

^3 A-wo-OlSIj A^pLw?J A^a ^S\j>- jjLL-a ^3 jL>^j>c_> AjULJI J ^_L*Jl jl 

ol Jl ^3 0 L 23 UsjI aJ y>^\ oL_a ^^/2jo c_3 ^-wo ^JL-Jl f-L>ol 

.Ljjjl ^3 j*La j''' >c - a t_5^J t L**J jJl A^P Lygj 1 


jji si jii 

^ *L^SL)I j-a Michael Wasielewski ^Sjw-jJujli JSjLa jl 

oJp ^v2-a| J_3 J C iiLlSDL ^ j_*~a jplSL^J ^j-a ^i?| j~a J-&J • j ^-*-*' J J-> A_^aL>- 

Argonne National Laboratory Lwaj-lil j^pj 1 ^LL^a ^jJ Jwo-*Jl ^ oly^a 

^Jl A^v-o jJl C^*uJ I Cjjl L>c^a Jj>-|j . j ^-w*» jjjjj 4-*-a L>- ^Jl tj LiXj^y 1 ^j>-3 

f- j^...yg..U 0 ^LSLJl cll^l ^OwJ ^~o~J ^oJl ^j-a Ow\JL*-a 0 l^J 
iJj^SLSl oL^J. ^ p ioL^.'yi ^Jl oJla {£ . photorefractive polymers 
j-a ^Jl 0 ^>tJl oLl>il-^JI cLL y>^ .Lo j-aJ o^Lx^oJl jl ^p 

.^jL J- ip- ^3 ^<>wJ ^_Jl J ^ y~^ lg.,^.1 «.«*,* ,> Lai SwL>wL>- 

Ol CO(le ^ La^^J I ^^>a Lp^^j I ^ 3 Low-— *»v^^c_l ' *LLj y^ ^->a »Xjw\_x_) 

AjISj A_L*->o ^a ^oJl j-Jl t _5^P (j| jJl ob f-l J-s^l Jfi-d-^Co I^JL 

Ol j-o-J J-Jl J .y>-LuJl ^^3 I ^gj Lw yflja.1 1 jLa ^Jl ^jU ^a AjjjL Aj>t^J 

oLa ^L^odJ oy^ C-^l J-^J> eJ l-^Lyg JJ ^U_oP V I ^*^a <Lj|p Aj>-j 3 ^Lp a ^■■ yg.U 0 ^ISJI 

. o^3^*»^oL I - L— >. I ^ ^ .o ( J-*/23! jy l^c»o y a3L^S* ^ ^ 1 3 

3 I J-o-ll y* ^jL-AwL a ^_5^J t I Jj>- oJJLx^a <r y*Js . JJ o^LSDl dj| o| 

cil ^jLJl ^_Lp ^3 o^La)) ^_Ua_v2«oJl (Jj_jj jjLJI ^_LwoJ I ^3 a^5"JJI 

<uS*jJl 3 I j^JJ LLo-l .03wL>c-a 4to_^a Aj^LJ ^-LwmJI ^g3 O^La 

L^jlj^j j\ l ^ ygl jl /^-SLo-j S^LJl jl y , I c Lv?—)' 4^5Lwalj_>3 j j_^J jl 
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oLJl ^_Lp A_k-^v^Jl .^->-j 

0-3 jJl p 1 g-*^a LiU^ l)^-SCj ^OJl t 0 j-Ldl ^IUI 

LJIj>- . A_La (JpL^Jl OJJ^Lj ^J-JL^3 l wL)wLJo g- Jj.-yg, ! 


Li>- ^-al ^-Lp 0-w*f L- w«j I 

ol jL^Jl ^L>-j oSs-wsLxj-l!! 



JipJl j! g-^_*^2_l L> ^ — J l— ■— « iv. 1 1 L_J—J A^O»J 1— 3 ^ ^>. «,<•? I C g"^_>^2_i_] «-*J L^\-J ' ^— ■— 1 ^ ) 1 

A-L*-3 ^_SLo-> ^ La 1-L&J t 1-L>- ^-waL-a^l L&l jJLw^a ^3 JoLoJl ^3 ^jL j«g_SLjl 


jjLJI *_Lv*Jl ^3 Aj>OkoJlj AjjjLJI AjLiJl j ^a oLa 


^j-a oJ ^j-a -L>^o-> A-*5"0Jl ^1 ^kl J-v2-aJ| 

.LgJ a_* 3 jjoJ I oLoJaOl A3L0>j c j L^-o— a 


2 J oLS" cu 


g-LOl ^J-o-p -^j ^ 0 yjj y* L*-aL>- ^3 g-L-o-^SDl Joe Hupp y>- ^_L*_> 

J-&J . Ajlio>c-<>J I ^1 j-oJlj g-L-o— SGl O^L^s-a /^a ^JlS” ^3 0 ^w2_&Jl A-woJ-*Jl 

A_>jLoJLa 1 O^O^t-a -Lp- 1 OLSj .v ^-*-j2-aj ^-a^j ^-flJpLpj £_£.}Lkj )g «, O > 

.[£ j_,LJl ^-Lkl ^3 -o. +./2 7 ^iJl ciLLj O/pLLuj l Ov^>c-a ^a ^_) J_laj) A_-^*0 jJl 

A_oJj .AjlJLS* ^3 c_—P jJ g-^-Jj 3^J>- J-3 oj— ■ o-a aJL jkj ^--JfOwvJ oL0j>e-<01 J 

o-L*_a oLl>jj>-j g-L> ^^iLSl j o j.^g.31 j g- j.->.,i>.ll j g-LaJlj ojl ^>01 aj>-j-\J oLIj^ 


.UjJI j ol j^xOoJlj La Lkl ^1 j^»Jlj ^Jl j^fcJl (£ y>~\ Lj 


g-L-^al i 


^/pl j^>- (J Lo-*JOl oLLj>c^a jj jJaJ Lg_> (JjL>tJ ^Jl ^JjI jiaJl 

(. La wL>- ^Jl oJ_L^oJ 1 J 0 -O>cJl oljJJj>Jl j4X) ^ ^ j-oJI 

Jii j . L^_La Ij_p-Ij 1,5 ^J-SLoJl (S j~i o_j-L*-oJ 1 oL*j ^<>J l LaLL-w*>j 

^1) analyte LUb>s-oJl olo J_^- oyooJ oLj ^<J l dJJj o-*/? 

LiloSLJ o j_SLj Cwj>u <uJjj_>cJ1 oL*j ^-*Jl ^-s^2_ij j .(L^_LwL>tJ ^_3 u > ^_p ^-oJl 

/^-a OP J-QJ>C»J J^SLo-j OL*-a O-wa-U-A J^U>-j1j (JlSsOl 4-JJ^>cJl oL J 

^-j j-oJl g-l-L>- ^a LJlU^JI ^-\_3 J^Lko ! j-LOwJl g-l-L>cJ 4jLLa g'^_Jo 

^ jj^vi j>L>tj>-'yij jiSwi^yi oi^ ^ ^p-'yi oio^>ji ol ^ 

01 LJlP 4_Ia_0_L)^ JJO^Jl 1 ^<>Jl ^ 3^0 j La-\J-P^ .OiJ^ ^Lj>cj 

]g ^ 1 ) OiJ^ ^jjL>cSLjj c t)L«-3 ^J-vfij>- J-3 J^LOO'yi 01 ‘O j^o ^_^-Lp ^jjj^Li 0 y^-* 
o'yLfc-a ^3 g- j-vk I Aills J-LOlj ^kl 4_kj>- .^_) ^-kl * J~^ 

L^-QpJOj ^Jl 0-Uj C-0io>o (OJjj>s>> 0_>- ^a J 1 jJ^l jl Lj3i^ oOI L>c-a ) LL 

jIp ol -L>cJ ^j-v^>c-<>Jl oolj 1^| ol l^^j .oJj >- j JJ^Jl jl ^^<>Jl 
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0 jZ+S' ^jA cJ^ <—■ jJkJLi 4_^»j LLj>- ClJ L*l«J>s~<>J I . ( JJj>c_^Jl 3 ^j>- J~> Aj^J 

oIjLjS-'VI ^ sy^^Jl ^oJL> ^1 *iJI i ss^’^kj *)l Ji IDj c 0 L 0 jj>- 

II ^a aJI c aJjJI *LJL*Jl 
Z/2 ^Jl oll^Jl j^S"! Cy 3 (1) 






o j^A^i I a^Joj^J*-! olu jllj *• ^jlill |*-Lp '1 — 5 


. Hupp Group , Northwestern University Aiil y> Juu c~ 


<jL LoJ-P . Lg-3 ^_SL>cjJlj AJLwJl A-J 1 j ,*J A^wOwA V 1 A^JL oLIvw>c^>Jl AjLij 

Humphrey Davy ^-i-o ^ jJ-o-a JJLi t Ijl>j_>- oLl^>^Jl ^ j j * * 

o jJiJl 4 jIwL> ^3 ^_>c_aJ| |*-^-Lwa ^ jL*Jl 3 jj>-j ^j>-ljw<>Jl JU-J L>-L «/l« 

oll^Jl ^0 aLjIS' 0 J_j Jj>- CjIXS c, 3 j-^v3 A_> jjLJl Aj lJLJ I Lai .j_JLp ^_^>LJl 
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^dl ^3 »^_3 j^j .^sSi^A *L^L^j>iJI AjklkJl 

^y* o jj>-lj L ^_) jS c <L«l*Jl y>- ^Jl aSLv^I t ^ ^jLJI |*-L^Jl ^3 

. 4j^jLJ| aJ ULdJ a_s^v»o jJ I 4_>jl>tiJl oL^Jaili J I 


^Ull 4 j^jU 4 j^>- 


^jJ i_„k)l j SI j^>Jl ^Jlp j ^Lwo^5Jl Sam Stupp j»L* ^Jl*_> 

^3 S)dw<-*<'yi 3 1 J-Jl ^d-P L^j^) ljs-^>^S" ^3 C-*"**’ L*Zu _X3 ^ • l) y* J y* 

Ajl ^J| aSLs^jI C ( 1) ^Jodlj l >13^ L> (. oL*J 0 J-*J OwL>cJo jJ* J .jSL^a CU3 J 

*~w£ L- j-Sks l) ^_*>j jJj ^3 I.J_^_*_^ ^l^oj .A»woJ-P 0 j^p j j 5 j ^L*_kJL; 

^Jl J IdJ I ^^>->cjJl dLo-*JL*^! A»^vwO jJl Aj jj>o sIwL^I wb>-l (1)} (^1 C ^ ^JL-Jl 

^j_P \-*p ^P t iS^*^ l^ +p"j* J dk^o^fl aIj^-I ^> 3 AjjjLJI 


jjLJI *-Lp oUUjlaI j <. <l wwvwo jJl aJ j->tj oL^LoJl&I Jj>-Ij .LgJL 




(_£ j_jljJl A-LwvJl ^3 |»-<waj 1 Ajj-jUI A_> j_-J>cJ| ^J_Jl ^ ^»J La j_£> t La ^-o-P 

,ajj^j>- aJ ^^ 5" ^3 Jplidl jl t L^3 j^Jldl jl Aj j_j>- ojj o^"L>s-a j 



lub jJaJ I < « «/2 <} jl |+dx*J 1 3 ^ - II ^ .2 — 5 

^►jlsM ■>*.)! ^P |» k« )l c 2 A»Jo^J*-l oL^S3J 


. Stupp Group, Northwestern University 


51 y> . 


^fCu^S. jl IdJ I ^s^>J>bJjI ^3 i^Ul Aj j_^>cJl A-JwJl A^Lo I Jp>~\ ^J>xSj 
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C <LaL*Jl Ojj 2 — 5 ^y^yjj .1 j_^>-1 <LP j^J>^3 aJj y}& ^LJl 

^yo . a_oLw<>wJS" iajljj ^Lla-w*i| jj L*-jj ^Jg-*Jl L^Jwa k. iiLo ^Jl oLojj>cJl Ja-J jJ L^3 j 

^j-a C-j2-*-n^I L^JwO La ^3 A_].sLjCa Cal j^J> Lu CjljL>^a>eJl oL_& yg * 7 C ^ j»>- 1 A_^>-Lj 


Ml t (*LJl ^ ^^kJl Jy}\ 0j& jd\ ol^olill jl> Jlp) U^iJl J^lj^ll 
jJj . aJL>cJ| oSjt> ^3 AJl y}&S\ t ^j-SLja ^^3 L*_» oLoj^>Jl £_y->sJ Lfjl 

0 j£? J LuLLLj £_oJ>sJu ^5 <d^a aJL jja_) I J^J>- jLoJ C*-J>cJ ^Jg-xJi CjLoJj>- 

a_Ju (j-^-^j .Ij^>- Lj ji ^Ja-xJl ^Jc*j>sJ ^a5L> j jJL> <w?l ^.La ^ j_LIa^Jl ^Jl5L*iJI 

^-_>c_v 2 J| jLjL^»-MIj ^_pljw<iJl jL^oMl jLg-J>- ^a aJLs! jJLa A_y?l jJLoJl Ol_L>jj>sJl 
oljJJl oLp j_^>,-a ^1 c oLl>Jj>JI head groups ^1 j]\ oLp 

LySjl 4 L^>-jL>cJ| A_*3 Jjl} 1 . ^^JwyaJl ^Ja.xJl k. Jli! *L^>“jL>iJl A_*_9 jJiJl j 

j ^j>s_ya ^.Lp L)L>- ^LJl i) y^S^ Lo-5" I 4 J jj>- 0 j-SLJL ^g-^wwJa.l I ^..la.xJl IwLo d^_>o 

^LoLa jJ£> |j_Aj . Lg-^Lia ^j-a A_*_ia_9 ^1_P tw^-kLJl jl *^JaLJL]| 

A_)^LwoJ| jl O^^i*.** ^L^wl ' ^ W»W^l ' ^ i I ^<3 w\_] I I ^wW® I 

.<uSw>l jl A^J wL*^a Aj>cyly 2 j Lg-XP A^al*JU»Ml ^a M Jj L^-Ja L>-jLyaj 

CjL^wJaJLll jli A_J jyjJl ^JwJL; AjjjLowa A_jj^j>sJ| A_SLLowoJ| cjl I j-^J 

Jii J jjLJI ^d-*-^l >-X^-JLa ^a Lv^vwOj I * y>- A^wJaJl Aj^J>cJ| CjI Ij 

0 ^J^Jl CjML>»^<>JI ^i»P L^JL a_«_) A-JLoj>-| 5 jJajJ ^aLJl ^Jl.>/?.aII LUa^S' 

. A^JaJl Ajj_J>cJ| AjjjLJI Aj LidJ 

4 SU 2 JI J^lilll 

.l^^oj-^o jljjJ Ltal> ^yLo^S" Michael Graetzel J^^Co J^La jl 

jJ J . I Jj>- ^JjLa A_L*_jOj LoJ A-w*)LoJ>“J C Aj I jj>- aJ C C-AlLa j^Sj j3 jJ* J 

<W?L>cJl Aj j_j U I ^lJI j_> jJaJj A_--alj^j jJC>-M ‘LJ-^-oJl AjLj>- ^j-a I j*sS ^jS 

a^pLwvsJI cj I L)l I W J j :> 'J aJLIsJI JaLjJ L 

A^UaJl 6 jl^| jli ^JwQ-*Jl ji'Lal j (JjLwoJl ^3 AiUaJl ^yO A_LjL& ^j^Lfl-a ^J| ^Ll>&j 

.^jLJ| ^^3 A*«mJ jJl d^M L>e^Jl J^-l 

jJ> A»J j>TLj jMl ^o-^vJ La jJ jJaj ^3 j^J ^jj jUol cJjl ^L^e-J 

j-a aJLLlJI JaLijJM *iSj^r *44-^' °^ L - & ^ . Graetzel cell 

^Jl^2jLs^ 3 t ^J«P I A_3 La t ^J 1^ C ^.^w^»*^«Jl A y* ^ 2 I I 

wC^«^*S” I ^ ^ j L o ^ ^-OwvsO (• L +0 * > 0 jjJu ^^a t_)^.^S»a ( ^ L ^ j A^a 
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ya as <Jbo-*jo.b L*-a j_>bjLJ 5_1 .yg aoJI ob->c_-jJl 5 yb ^b y j-o b-Jjll 
jbbol ~l*o A_b>c_bJl c— o>- yj «„.,^-li e-yyjl ( yLo) A-ob-ow-S” ojbpbbJl 

jy>Jo O^ApIa J l bib ^yj . J j-objJl 0^*51 ^yLo <Jl 55bjl olb>t-jJl 

jJ J-^ 1 J-^ lT° Lg-kidj yJl 5iUaJl ya * y>- 

oLaboo>cJl y> jl y oa-Lyg^/ 1 Joo y- b jAJ>- ob^col jJj .4 _^>-jlJ>- Sjb ^y 
yo ^y jij ( yji o j^-SsJi ^ j_^j>c_u *y \jla j-y-^ ifji *y j <. Aj y-bi oULJi j 
Obj 5.yg_J^j AJa 1 A^Jg-j 5iUg yb/2-a ^-3 jjj ^vwo-bJl e- j-o^ JgliJ'y J l*J I £-L>ol 
bgo>-boJ ySbooj c AJJoJb 7 bJb>- JyJo j_P lo jAj>- oe-LiS" jjbtJbj .Oo>- y> 
Jg_*-a ya L*_jyg ^2 j>- j I L^_L*_>s_> La I ju* j c bj_) y-bl AbbxJl oboJ (J bo*JJob 

.43 Jbjl 5b j-b> yS\Jl L jbbJl 

P J-yg.ll Jglijl by>- ya (_£ JjLjl ^-w*>cJl Oil j-ygJ (J Jg*- £-wA>LJl JygjJl jjbj 

^JS>1 ya -L>-lj jjt> f- J-ygJ 1 (1)1 <Jj 1 Jbj .AX>bL*-aj aIJLj OjlwLs^l ^g-3 ^5b>tXJlj 
^Lwo-A'y i ^Jb y-o jobJl 5obbJlj — L_*_J 1 ya Jb>^Jl 1 j_& _JJ*o C 5.3 Ugj 1 y Lyg-a 


.A3 


Ikil 


ya Jl*Jl OL>-bo>-| ^0 JabcJJ 

oljj^aJl 


y Eastman Kodak 55 ^bJl ybJ ybo>-5 y Chin Tang ^Jb ybb jl 

ybJl ^-yJl (J 4 -’b j-*A 2 -Jl ya wlg*-lj ^ J Jo b>ob 5b J_S” (j yjsl b_£j . 

A-*_yg 1 jj l^^gxgxjj t 5-0 3b- J (. 4 J 2 J 0 ^J5jo .j J-S^ gj 1 ^g3 Lob ^-yg J bbboo 

AP j-oJ>cos Cj 5 C 1987 ^Lp .<U-o-bJl Ajbg- Lgo ^ol ^g5l A3 ^>b>eJl AX^-Jg 


^jos f ■ j-s^ 3 -t-J jXJ A-j j_yg_^J 1 obo^gJl 5bo-*JL^il ^j_Sb*o AjI 


Jjl Aob“ 




SbJjb li 


j 


AX^Jl 5-Lb 


^ C L " 


bsj .o?-bL5\jj 0 j-J-bos <^b ^551 


Jjj'y jJl J5 Ojbxl j t organic light emitting diode (LED)<^ j^ai) ( bsbJl ^ j-obJl 

< jyO C Aj2-Ix_>c-o Oyboa ^3 Of-byg*>b} A^^Jj AoIaJ (j j5b' o_3 j-yj AoLaxJI 0-b& (jl ^gj j 
.bo j-w*«b>Jl obi. bill j bJjXxbl os-bb^yi jpUl a^>-\ j 

^gj 5-Jo (^1 JOj ^Jj A-JoJO>«Jl ^j^gljbJl ^gjj ^gbygMl ^->b JJJJol 

Og^bjl ^bJl ,UJ1 obJjb^ y51 NUpI jl Nl .^jJbJl ^Ljl 

o^bj Jl ^ jjbll J«yJl ^Jl Ai^b-bl oldbiJl bLb ci^jbl jl ^jb>o 
.AaIScJI ^j/3+JL>%j Jl 5ibj>} t j-ooJlj ^5b>jJlj 0f-bi5vJl J J 

j-^ c A^-b-oJl objbiil bib ^y Jog->o b5 c ^-b y5Jl ys ^ j-bJl bj jJ j| 
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^3 UJ j\ ^A^daJl I S jZ . U A-w%*SL*_<dl A_d^xJl IwL^oJl ya 

s- yj? — \^d y ** ^ L ^ ^ ^d 1 ^ . ^j .,.-i<a A 1 i 1 -A— A ^ ^ 3 1 _Aj 1 0^^»Sw\_^dl A„ d.^*- 

L>t)L>cJl A_la_^d ^_> JaJLxA-J S- yj2^)\ (1)1 (_5“^ ^ * J> -dl U A_*_ld<dl ^-l_Jl A_jg_^l 

jj jJad JL>U> j_a j^dL>t-<dl ^j_>-La ya Jdj .sL j-g_S *A-d j-d do j-s^ 3 j-^SsJl 

.£_~*>ldl ^3 cjL-j jia>J L*_A>LSj c ^ ^Idl ^J-xJl 


A&xjySt ^Lp j*J>sJi ’. ijjj j»lgjl ^J-P Aj 

^j*)\Jl JUl j l-Lfl_^ U-LLo ^_3 dLLs Lo jJL> ^-^-Lp ^1 dd j3 Id 

a_>^^>c_oJI <ij\ ^j*>Ul jL>dl Lojfc ^j.jLwwa* L wo 1 Jd-L**- J 

c 1 lj_^>- , ^-~ < d-*Jl oj_g_^-*yi ^Jj^>&j . L^_> j_L*_*^o ^ y*^ d^dJl 

O^jUaJlj oI^owoJLj dil^L^j ^ L *->» 1)1 ^/l t ^c-^>c_*^3 1 -Laj 

<lj LdaJwod 1 ‘L^Jg-pl j oLdLJdlj ^-dLLodl oL> jJ j <o- jjLLodl oL^-Ls^w^Jl j 
0-*JajLwA«l Lis .^j>c^Jl ^s ^j^wLaLaJl oL>-Ljl>“1 ya La ^P j l£j! ^LJ l cd >o j 

dLSdd (jlSCoJl 1 -La ^J-S" y3-^\j3j J ^-%J>c_<dl ^3 Aj jdLdl ^Lg_oJl AJLo-d 

^i_P L^Jl*^- ^JaJL^vJ J-3 Cj^ L>J l ^3 j .OS-LAS' ^LpIj Lyd jJ ^iSl s-L-J^Vl 

. Aj J jSsjj L>o j_Ju ^i»P Aya y ^Jr-dl aAjsISI^ ya dLSLj OS-liSdlj ^jjd 1 L/° 

< ^yJ\j Ja-^ol ^od_Ll C^J>tLl L-3ly£?^M CjLaAXJIj (. aJliLJl oj_A ^y2^jL>cSuj 

^ 3 t*-JjL>cJLJl L JNI j\ t oljJj Ai U^l t ^j2J>-jlj 

.<L^vuA 5 C3 jJl 

Aj 23 ^_oJl A^-wvjJl C^wOw^*j APjlj AjLaJ A^-w«j Loj V I o jSLaII diij 

o-La a_La j Jj*y .(3 _ 5 J-SLlJI j-laJl) lab-on-a-chip L>b_j j_L 

^^Jlp o^Lp 1) ^SL t Lj ^SD^M LgJl ^ j>-IS a_oJj_oJ! aLj-v2J1 

ji Aj j jSLs o*>L^ j aJa—jIjj L^>s aJuI^JI L*^L>cJl ^Sj ^ L_j ^SLL-j j 

.^*»lLoJl Aj^jIj 

L*-^o-^- jJ-LJ ^ L>cj ^J- p jL-c-oJl ^3 o*)Lj? ^Jl 1)1 j-& L^j-o ^ jUJl 

^Lp ^ aLJ-*^ 3 oljl^>“ ya ^Jsl y^J ^jLd CjI y3 ^jLo-J L^_L« j-^LSo .S-L ^-g_^Jl 

Aj J jSddl L>cj ^LJl ^y23 .L*j2j1 »waL>cj A^dJa jJl L>*^L>dlj .^Jwadl s-Lul Aj>o ^--iJl 

£. ^ p. 

^Lp J^>s-<dl ^3 Lo 1 c 4_Jjia-La oL>l ^J jl ol ^S"l3 1 ) ^S\j 1)1 L>t)L>cJl cllLJ ySL<*J 

. LjLo-sS jl Aj yJ>- CJ*>LpIjL j oL1^>-J ^,-L 3 j-n^L-P Id Lp A_>cj j — j 
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jJj J-p jj£- : 3 _ 5 JiLiJI 



jJl j oULij (J Lo-*jLw^i L> 4j>o ^-> c_*Jl ^j^2_> 

£_Ljg J^-P *. a_ljL>cj 4 _>c_j ^_Lp j 4-o j-jsJl 4-pLJgJl 

^ C ^L*jI 4j*fj ^3 |f^w2j (1)1 4*3 cJlSwiVl (1)^ <Ljj ^> 1 ^!>l jJ^}\ 

^ yte jS>- ^3 J^3wLl) 1 ^JaJLwvU N S-LoJl (1)1 j-& ^L^-J^yi ^J*)AjJl ^a^./9.z\\ 

clLLw*< ^3 p-Lj ^1 Lo-S” ^Ja-^ja 

^ ^>-^1 ^1 ^jjlwLUl oU>VI ^sLxlJl l]lA$" LjLoJ Lj *U^I 

d)J . *L> ^Jl £**a JjsL*jJJ 4 >sj*1)AJ| cLUj ^j_P JjI ^-^ vJl £js Jj*L*jdJ 4^3jtAJl 

.4^*»wU»gJl ^y> Ug-^Xo ^ \j>z*a 4j>xjj* ^J»P j-^>c^oJl £-J«/2 j Jc*j>cj JjL-*j>J| o J-& 

l~o— & 4_>tj ^_L p ■>/?.! (j 1 _j ^j>- ^ y 1 (j I jl^>- LxjL^J I (j L oUjJI j 

Lo-Aj t nanofluidics 4_> jjLJI CjLJjI j-~Jlj microfluidics <Uj oL-bl vJl 
. ^j^lJLoJl 4 j jjLj jl 4 jj jS^*a ol j^3 j_-_P J-^l ^-~Jl 4_S" y>- ^3 ^_S\_>tJLU (JLoLaJ 
^La^yi l_^_*_93 Ujb (*illSb»j V lwL^_; JjI ^^JI ^ (1) jb\J L aJJwPj 
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2_j o'J j o/>UI 43 jJl ciiijLoJ 'y ciijV toULw^j oUw?.^ cj L>-* jLw*i L i 


4j>-l>cJl ya>-j (. I jj . 4 j y*-yaJl IwbwLJi 45" y>cXXoJl 0 jsJk*/2 ll ^ly*-^! clLlj 4l>slS\aJj 
j^-^c-^> J I *». I j » ^ ^ ^ 3 0 C ^| «j I «.iv> 1 I 1 *-^-^' ^ ^ J 1^ 

^Lj^iGl ^-ygjJl j electrophoresis ^yly^iGl jy>^jJl ^Jlp 

oUaJl J jb ^Jlp yLy5 J_^_i- J~Jay olxyiJl 1 )IJIa J^*J .electroosmosis 
I J.& jjJj_> yL j^^Jl .4^3 JjLJl JJ9 J_Xj l)I c_^_>o (_£jJl oUsxj^yij 

LaLI Lxita t iSy>^j y ^jJl JJLvJl j-y£ 4p ^ jlyJLJl J_^_>J! 
Ju LwvJ I 3j I y^*> -iJ y>cJu I I J_A 1 y^J 1 y^ 1 ^jJ-P I 3 LoJLP I 

l]y>cJj L^_3ylJ (^ Xj_> L« 1J-&J t Lg-LlS" L^iLp o- w*<ljJLj CjLp 

oLJL^axJl yo I lift J . 4 J.J 2 .xJl 4.P j^*> yo J S\ 4P j^o 4jJoJ>cJ 1 oLJJ^PxJl 

C 4^5" y>Jl ^1 yoJl ^3 I J^JLa L> j-g-^Jl j-a>s_£xJl ( J-*->y y^ l-^JxS'J IJjij 

o3y>- yaJl oLx>t^xJl ^yL; j-g-^Jl ^-vaxJl Lai .LjwL) 1 ^J^la*cJ ^y «W?lj>-j 

jlwC>cJl ^yixLa wC-P o3y>- yoJl -ijl ylJl (Jr° 4 jL* 3^) 4jLJa ^y yjjj oLJLll jlw\a>- ^i. P 
y>cXj Li" 4P j*Ll ^L^l ^_^J} 4Xlay JjLJl ^ yo-P cLlL ^3^3 C ^JjLJl^ 

.t^_J yol ^y o^lwLw*) 

^y<>Jl ^v^Llp ciij ^y* c_xJ _j jJa.ll y^jL& (J Lo-*jLoj L> 

4^>c_> j_jj ^Lp j^>c_^Jl 1 j (. 4j5wL> cj*)Jp L ixJl ^3 ySs->c-xJl y5C>j 1 oMpLLJI j 

(GeneChip 4j>^ j^xJl ^jJ l 5 ^'^ Affymetrix J^i y> olS^Ji .^LJlJu>- 
4 ^uj*: ^Jlp olj^j^J (LabChip 4^>j-JJl 7 ^yJO Agilentj 

^lw2j ^-*^Jl oJ-^ j ylaJo (jl .^)wC>cJl JJl>cXJ1 ^3 

ySG>-) 4^JaJl 4_j Lp jJl oLLva jJLw^j oLfl^JaJ ^3 l^JLo-^JL^l (JLS0 »VIj 

ys L& Ji>-lj y>-\ AXl P (_£^ jl ^^JJ bj j-5 *)^Ja>sJ y>JJ ^y>c_) 1)1 iw^JaJJ 
oNU>cJl ^j3 4_v? l_>- (. ^IjwUL wbj^xJJ LvSjI l^U^CLwol ySCo-}J .^yajyjJl y^>- 
U5 ) y^j>cJ 1 f-L^o^S" ol jlixJ 4j L>cX^l 4J>> jJa o_Lo (JlAi>“ Juj^xll 1-^5 ^_^>o ^xJ 1 

^jJp j_y>c_^JJ ySGy wU^Jl Jy2XC^w^Jl .(lAxJs ^ jJwJl y ilia*- ^3 

^3 0 j_5s_y>Jl v > jL>e_xJ 1 1) V C iJjJlj 4^>j y>tjj ljLla| 4jl^a y 1)1 4 j>c_) j_<X 

y« ( jX-JJl yas 1) ywLoJl ys ?-ly>-l 4-^ya.;) ol jX-Jj j5\-« ^3 ^ ciU^ 
Cal^ 1) y^J ^j-S" yUajJl ^_*>j1j ^jLlxJJ ^J-XaxJ L^J-5sJ c (J yL>c^Jl 

daLoS" j^Jl ^1 iJ y^^>J 1 ^3 i-ya.j 1 4j>o j-*-* 1 (J Jo-^XLwj 1 .OwLjU 

. g-L/?j2.)l l^Jl 4 * JLJlS >- 4j>- L>- 4^>J CXol5 lx| 4^jl^J?j2.1l 
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I I ^1p y^ 

s f. 2 

iy ^olMl L^Jl ao^ j-5CoJl ^cJl j_JL)I (JLSMa>1 IjJ y j-t M 

aJUjJI (1)1 Mj t 4^9 Lv^| jL-^-l 3 j_p j j-» Oj-jU J-*-^*- d)LS\M 

Aj>- jjJ I cilM ^J_P L? J-M-Ll 0 ^JLoJl OlolSCaMl ^jJlXJ Lq2o1 y jJ Aj^jLJI 

quantum computing <Lw»^>*JL) Oj-*o La ollLSLaMl MJu .^JuJl 

^ 1 3 La c ^j«^D • a^ jj>cJ I ^3 *» o Lo^^^n^^c-L) *c«— a I l^.^c_J 1 ^|»o»*-*<w>*j I 

3J_oa d)j jj^JMl bJLJ-o^ -Op A~a jJ>MJl a*«o ^MJ l y^^-t dJJ^ 

•c+>^ 

aJjlSsJI J^-9 Lg-aJlj ^Jl ^MjjLJI pjl> ^ \ c oU j ^iSLIMl oiilo>o 
o~™J .spin jt-jjJLill j_A LaJl^- 1 c MajMiDl y* bJ_p caj^oJIj 

d)l (jl LlL-^o La (jl Mj l Ll& LJ A-aL& aM*oL)1 ^ojJjJI AlL&La 

^jO?-J>co La ^3j .A_OAwLa Jpl ^Jaj j^xj (1)1 ^jM-oo L^olj t 1/2 jl + 1/2 ^jL^o 

L^ol ^Ip ^*o J+M y~*~3 jJi)Jl ^-A_P <Oa jMSsJl *U^*> jj>c_]J LjCJO L wO 

t ^>^a.L>JI y jbijJLoJl d)LcJLoMl d)Lc<>-JL!l Lo-^Jl ^J»p Jo t — l/2j +1/2 
Ul ^2>1^3 Lj . jA*/3 il — 1/2 A-o^oJl JjLooj l J_>-l jJl +1/2 A-q^j 2_!| Jjloo <L~s>- 
aJj>-j jX. o?M MMo> L)j jMsJMl jLsXpl luSLoo ^ojOJl A-o~^3 y ^-SMoJl ^JaOo 
1 j_>Jl (1)1 ^Jl 1 j-lg-J ^j-SsJ . 0 Jo>-l J Co (^ 5 -kj <■ A_wo-3 jJl 0>La j_L*_xJl ^j-a 
I) ^ Aj^L^Jl 1 ^.^-waiI ^> cJl iJ !>LJ l 3 LiJ»x>t-a L5"^Lwk> cLLL*~o A^a ^LSsJl 
j-A A_oJ ^LSsJl A_^*< j^>tJl J^-*JLv-^>Jl ^JJa-v2o>Jl (1)| Jo .Lo (>v-> 

^1) cubit A^jJLiJl ^LiJl oJl>-j ^j_p coLL^-tj ^c-1 L? ^ ^ j-^ J t qubit C^j^S 

. AJC^j2-w*< a-lo a-lol L^A+s-Lw*>1 ^)Jl (^Ij^Ul 

CjLa jJl^oJI yx Jo>-l jJl O-Jl J-^Loo Cy <j' ls*J 

kJiSLj ^a ^JL^Jl »2-Lol5\^>Jl ^j-^1 y 1)^3 twLo>- jL>cj| oj 


^ojJcJl a^o^ojj Ljjo 1)1 cjLL~j>- y, / jSLo-j 'y j . Co _^SLU y, y >~ 'y 1 oLliLa)/! 

o_3 j C ^j-oL^5Jl Aii>cJ ^s>- j . A)o lj A^o-ojJl cli-L ^«/2 j C ^j-oLaj (1)1 ^Jl 

MS' L^ol ^ j+^° L&jLjipI ^j_SLooj c MM 3 1 .JLSJ MJl3 0 ) LS" Cj j-MJl 

pLoJ-P A_^o^o A^/2->c^Xj 1 ^3 o-jl jJg-y^l 1M&J L A^oL 0-3 jJl ^3 1 -Jlj 0 _)l ye 

.lj 0 joJL>Jl (*_M1 j ^a jMSUl JioLSMJl 
Nl t A^*iLv3 ' y^>~ Ml 3-)_>cJo M |*o^JjJl (1)1 ^oiU^ ^3 j-OoJl La 
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^dJl . dd_*_>J dgl^ jj £• y*P (J L<>-*Jd*i lo 0 ^JaJL^%o c5Ll 

1)1 Nl . do> j55j| clLdo yPz] L>oslJ jj t iJg-Al^v^ J Lygo dL*J>- dJl £*a C <l^_ddo 

dS 0 ^5o ^ td-LV C ^-aL j-<Jl Jyo-P .Sdg>dd ^ (0 j! l) d*o j-5Ul dJL>- 
*>\5 cii-ld<>o dl5j ldL*-a ] jjs\ dl Ip ;>c^qJ I ^3 ddo d)li IdJ .1)^1 ^d>- LgJd%^9 

C-j>o L*-a d^Ld j-5\Jl Jgjj L +p j I ^j5Looj .^jl jdlL l^j-d-Jo^P L ^ 

dJuLdJl ojj J J| oJ-A ^^Ow^vJ .djl_> ^g-^l dJL>- ^.3 dLL*_>s do j-5” d)L>- jJjjJ 

.odg^lj do ^5 ^ ^i5L Jo^_> ^-' , ^*»L>Jl l)^“ ^Ldla <-p^ J t entanglement 

^jLdJl t ^dJlo ^- >3 ' j-> doi-d j ^J-P ojdJLoJl 

^-1 g_*o> ^ j_aj .», .> ^_yjL>cJl ^J»p 4_i3^Aj| ^JuL^oJl ^*a .sd*J L>-LdLa td)5L<>w<>Jl 

l)LAJl DESj RSA l)Llajjl^pJl j t cryptography doocJl oLliJ 

■^IdP^I ^JcUj>tJ 1)1 o j^3 ^ip <• Cj ^3 ^L>^Jd*>l do^dll djllajjl yP- j5S\ 

I j~~> 1)15 Lo~g-^ c ^jLdJl c > j_oL>cJli . d y*-*P )l djdd dJjl ^Jw^l ^P j o ^11 

ddP Idol <_£dJl 1) j5Ul j-oP if* (J ld_3 j ^j-ddo cl) 1 ^5ooo c L*o j-^J 
Lai . ^yaj>^d ti ^ joU- dlgol j_j dlgL^o (_£ ^>o do-*J j-w^SsJ ^.Jg-P V I jIpxjLj')! I 

dJjl ^J^l jp ^JyX>dJl f-\jP-[j '. ciij^ J^" J**. J cl) 1 O j^Ssjl <U-wO 

J y » 4_1 y ^ +.*) y J I 

y~&J . \.,+p . j ' L^I_L*J>- Ju L c ^1-SsJl «L^*i ^>xJl L^_L*j>cj 

d_o»xjj! 1)V d^jSiVl <=L>-jw\Jl cii-bo j-y-AJ j-l-5sJl d-yj l i 

y£> cd , lJLww]| dpi ^-9 ^3 cd->c-Jl^ .(Ujb cJl * >15 L5) ^^o-3 ^Jl J 5 C 1 ^ 

• I I ^ «i p > I >Lj1awj d I ^ ~yP~ I 


^■Jg-^ j c o j_15Ul c»^w-s^l j->«Jl £ ' J ^"^ j-* ® ddL j_*_yg <Lod 1)1 

^1 ^SljLjddJl d^l jy ^y\ ^wLp 1)15 UJlSo .dJjLljJ! ^^g->o dj L y*~*p Jl dilj 
^3 ^ yp-^i ^>- jUJl ^-&l ^ia-^l jl o jjL^Jl do j5Ul d*_lii'yi jjti jUdg-l 1)15 

.L*_^>j>- dij L> L^so>c_) ^-Jg_> La Ij_aj c j-^51 dl j jdSU^/l ciJJj dg»-lj 
JojLco d» j55 c_^w*>Ij^ dd t LJL>- .decoherence dJ—-LdJl dJi o^UgJl oJla 
Jol jJgJl 1) j5\J 1)1 j-^>Jl j-^P" jwLo 4ol t d->Ld ^-^Jl 4_Ld>- 

d jjJ I do dsLygli .oLd ^-5" 10 ^5L o^ol j_^- e-Ld ^_Ip oj^li dJL>&Jl 

Jij ^Lki^'yi dJj^5J^/l c_^-oljj>Jl I^JuoCdsJ ^Jl tparitybit 

I .MJl 3 d^Lo J-^^l ^dP djJj 1)1 j5Lo C d j-a J-%P JgjLoj djLUl 
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1000 ^_>&j J-*-> Ai—*> A»jA I AJ»3 Lyfl-J ^yUj jJAnJI iw--~w»»l jJ>Al oA^> (jl ^Jl 

^>?l jU ALL t— *i>o ^JJl ^J-o-*Jl j-A^Jl *lA> jU C <uL^»P 

«LoJ jlS" jjj C I Jj>- j*S ~ o ^>j| IwLwoJl A—^>- AJuli o jjkUaJl oA_& jl 

. JU^Jl I J~& ^3 *U3 CJ->t_Jl Lo-o jASvJl 


JpLaAI oLj jjSLA <JL<>-*jLwo! j_a o*ASLJl^J| oJ-a J^l 

<LL jJaJl o j_£> ^_3 .oAj ^AA l ^j_> j_$AJ 4_L 1 oljAJl oLj yAAl ^j-o j/ J_> 
o j_& ^Ja_*S .cLALAjAI j A_> j_jljJl J^UJl jJ^v 23 ^J A_i ^ jL il^LwA ^JwOw*JL^J) 

o jLw? A I A *)\J>- AL AlAl ^3 ^SL>&Al aJSLjjA LI A^>- jL>- Aa> jJaJl 

^>?l j_*JLwA Lyg-j I ^j-O <A ^j_SAo-> N A lA^J t 4-0 A 

^ JAAjaAJ t^ow^v^Jl oAJl AJuli ^^As : (j jJLJl ^Jl^JI 5 jJLi ^ : L p 
J jjAo *lA_> 3 ^jLwoJI jj ^jSA*}\J «Lw« jASAl ^>?l j->Al C A-OLa O lj^J>sJ 

.iw™A jJ>Al ^>s LA5" Jj Jj>- 


LjJL <u-*>j^>sJI ! IA>-A ^3 ^AJI A^AjlA 

^j_j>-Ij .os-La-SLJI ^JLp A ^_**L>- o j_j j_p j_j ^a jA*o^Jl J-*-> 

,ajj*j>x. Jl j LjJI AAxuA L^j>AA_>j oLUl L^_i ,J~oj>ej ^A I JSI >31 

LAL>- AAJl ^j>cJl ^3 cjLjJLAI j jjl jh]\ ALL AA-*jjA oj/j L>c-« ^JjLoSj 

.^jLJI ^*A_p ^3 L w\j>cj o^L>c«<Al JS\ 

<uj>-L . La j^i L>- L j£L& <ALo-«-i-oL ^ LI^o-j LjJI «, av?j l> 

jl c L jJl woLj® .lJ->- o jLlo^s L^Jwo->tj jd\ oLLJl <i AS" jj- J 

j_pLjo LjJI t(4 ^J^ajA I ^3 LjJI <lA3L>j ^Jkjl) ^j-*»A*>'yi ^l_^jl 

j|jj>- jJl ^jA 0 ^A-«) c^oLi-w« 100 jj>u IAa . j^a j->LJI cJu ^jL^u 

(oLjJI ^a j^Ju ^j) d-oljJ ^^J-p Jj j-> A jl c I ^ jJl jLL^aVlj 

^aS^/2-A oLjjl ^JlP ^ jJ>cJL^jJ ^ASvJ L*)Jj>-J <iLS\Jl oAjfej .^_J ^gJl ( jlu^ll ^3 

AiJi iJL*J! 4_A^J| ^ I ^i'i/l ^Lp oLLAl oliAS" J^aj) ‘uU^Jl { j &\ ^iVl 
A lA-^j t aJ*!)AJI ^Aj'yi ^3 of-LiSL 0 1 j^SCo-j LwAl jl t(l ^AS" 

LjJI AA-*jlw*J *)! j_s .j^jSL AJJ 3 ^>3 ^Aa_pl cjLLwJI Aj^ - a>jJ 3 
^J^x^J^Al ^jI j-A*Jl 3 L 2 AI oLaJaJ ^ 3 j c aALp oIp ^-w*> { ^JL>zj ^3 I Jj I I J-oA 
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^-&j) oULJl Ajjjjl ^3 AjLl^aJ jl t 4-JL>sJl A^iyaJl ^j^al jJj/l 4_j LL ^3 

.a1jL& oLl^aJ ( A^^jad^xyJ I a]p jSi*)! I (jLy*JLw*>L LJla*- wLaXj AjjJaj 

L>-^-y>2LL^-> jUaj^jJl <U3j C A^wJgJi ^3 ^3j a! ? ^ yLjJl UwVJlj 

^3 (^j-oL^^yi ^1 J j'J LaLoJ ( j-*> jjLx-a <—~J jJ ^-Lp jL jJL>o Jl 

jl ^_JjJjl UjJI jlwj .hybridization j ^ g r ^ L5 ^J ojj^-w^ 

UjJI 0 1 ^d-x jj .<oLlx-<*Jl L-Jl ojj-y? ( JlLo-> ^JJl ^_3jJLoJl jjJ-LLJl 

oULwJl d*-> j^ t ^Jj_a*eJl ^^-Lp 4_J>l.i o j J_JLa ^_Lp l 5 jJ^-^-d 

^j^a^JaJl 4 -J-V 2 JI ^^IjiVl j-xJ^y2-a ^^A-P 

(Jlj La 0 jJlj iiL^Jl Llj^Jl oj_& ^s* y *®l ^o-^L dU JJ ^.sLSLyJl 

*Ua_>-l ^Lp L Sj-^H J^Al ^~Jjj 1 jJaJ ^Jl A^x-^JaJl oljj j^vJl ^..la.x^a 

jj_>cJl iaJLwaj ^-Jj. jJ La ^a-l ^3 ^y^r y^ 3 y^ LL_p oy* < aJL wL>jJ 

^oIaJI ^|^>cJl y jj^ LS jJJ ^-w2-J o*>LSLjy>Jl oJ_a jjL>&j ^y^yu 


oLUl 


J> 


Jaj L- 


J Lr° 


^J I <L-^-^Ja-Il oljj J Jl .LjJJ <_£ ji»l 


CaLa-^Ja-J «L<> Jj 


f-l^a-l ^a pLJlxJI jiLoJ 4«Jw^>cJl CjLa j±X-Jl AjLJ j oa-l jJL J ^w>cJl Lg-Lo-xdL^vO 
<~j j-w*>L>- y?\ yS-*^\ i^yr *• y? y-P->^\ 4a>-j ^A-Pj .LwLl jL-x^-L oLL> 
(«finite automaton ^ju-a ajuJ^A>» ^ y w*>L>Jl ^Jlp ^ 

.*>Lx3 LjJI *U3 

A^Jj-o-U (jLla Ja-wvol ^j^JjUa | /^a I, aJjps {^2 wL*_v2-^Jl (JlLa A3 

j^LlaJl jl (Jj^l (^JjLlaJl ^_3 ! ^j-JLlL>- ^3 J_^_v2^oJl .‘L^JLLoJl 

( Jw^>cJo (jl y& ^a la >1 j .( 0 jjlp aJL>- L^_Lo t^LflJJLa jl C 

^1 (_5^ <JL^oJl j^^d ^ t ^ j2j ^ £? j^ 9 L I -lx>Aa 

^ j-x.ya.jJ LJJa ! ^j-JuSLowa ^-j_aO jl J-x-y?_^>JJ ^j-SLo-j »iJh! j J 2 JI 

4j-x3 A^Lp La J_x-ya^j| e_3 j*~lJ .^ylill jjjUaJl ^Jl 3 j^-y 2 -U LJJaj t Jj'Jl ^jj U aJ I 
jjgjl c Jl^oJl ^J— >_-—<-*> ^JwP .^JL>cJl aJj>-^j LJL>Jl ajJL>- ^Lu d^3 j (^1 ^3 

.1 _ 5 J jJi>Jl ^ ^4r^' JLio^/l JlpI ji ^ 

^Jl aJL>- ^j-a j Ljoj/ 1 ^_$L>sJ L^_) "J j Ljo j/ 1 JlpI j_Lj j_pI jJJI oJ _a 

aLj C-o<JaJL^>l ^JJs-jJlj jLio'Vl J_p| jij Ca'jLsxJl y^a y Q-xJa.^^l l^lj .i!L>- 


s i\^c^\ 


ejlS" J-Lj wtp I jjJl oJ-ft) 0_*-^J l^lj .^jdJl IJ-^ ^a y-J J-W»«L>- 
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^3 ^wJaJ 1 C £-ljJ>-lj ^g-J 4 jJ->cj ( J^- S a-* ^ 

<-j'j*3 ^g>- 4— y° 

I^Llp Lg_*Lyg jj CjLo-jJ_>| 4_L<>w«JLs^3 «lJL>sJ| LjjJl <^*-^*>1 y>- ^a_*_j 
c( i /^^j>cJl ^dL^^SLL) <i jJLoJl lijJl cjLxj jj>- ^J-vgjj (J^ 2 ^ j-^vJ cjLoj jjp 

U 3 oLl>jj>- 4-^-yg-j j i ^JJ>-w\Jl oUL-J *}LaL>- <ul^ y UjJI L>-j3j*a Ugj j^j 

aJL>cJ| jLaj ( JJ>-jJl U 3 .L>t-alJ jj j! (JUL^j! wLpI L^ jLyg 3 j^-yg-i 

cIjULo t ^_Lp (<c^j I-Lo ^3Jl (jpUgJl) 

J_*_> J . <Lo l_A-A» 1 ^JJ Lg-iLyg JJ ( jJJg-oJl J^UaJl) Ji-jJl 

^J&A) l^_Lo-P OoJ^oJl £_^Lo (*}\jta (Jj^l JjUaJl ^s) 4^j| Jjo'y I ^JlgxJl y~a y di3 

.tL^-jJ 4 _jL^j j -^ JgJ t IJwLJI ^g-3 y^s>-j . 4_ol JJLi^ I aJL>cJ| J-*-j IJdJl jJg-Ji jl 

^i_P ( <j Jg-o jJ i 3 ^-w*i La 3 J_>e_> ^ JJl) Ag- jJJ I Ajl^jJl jJ wL 

4_JljJl ^Jy>“wL]l ^ jjl ^gjlJl £_9 ^*a J_*_; 4^JljJl 

oLL>^j>- ^~a ~L>- I j ^iSj^T £j: ^ " «*> > LxJ J ^ ^ >ej ^3j .(^^LlJl J_jLkJl iwJJg) 
*^£y>- ( JJLo»> JLuJI |j_A ^ 3 ) 4j>-J_JJ| <L>LgjJl_> ( - 5LygJL]'^l 4j^$C<)w^Jl ^^sLj j_<Jl 
^ J5 dUcu-ij .(^Lii! jjlkJl ^Jl : JU^M sjlpLS illi ^alJ^J! 

0 ^<>Jl ^3j •(_£ jg*-Vl oLjj^xJI (Jl jJgl Liix>c-a *)j jjg dJJj 

^ _^-a ^Jl J 3wi_>o UjJI L^3 jJg-^Xo ^Jl iJLJl 

l <JU>Jl ^3 (j y>*-t ^-i o_l^_j . l3~L>c-a ^ ^ 1 ? 7 4_g»jJJl a_j L^jJ I 

^1>* W^aU jj (^LvgJ'yij ^g-Vl Jg-jJl (J^23^ 

^iSj^ t <WgL>- 4i^J-wo ^ySSu j\ <. ^JlP-w\J! 

. aJ I 4Jl>cJl 1 . dL5L]| 


1-5 J 

JU^^I Jlp! y> 


<lL* 3 La 

j>-ji 

SJU-I 

LSL- JjI : ^ M 
jWl J^lkil Jl ^il 

JjLk]l 

US'L- JA : ^ M 

Jj^l JjlkJl J,l 3 ^-*-vg ^JJg 
JjlkJl ^1,1 3 ^-*-vg tw-JJg 

(^UaJl J.J ‘ ■JJg 

^jUaJl ^1,1 3 ^-*-vg tw-JJg 

JjVl JjUaJl ^ 
JjVl JjUaJl ^jS 
jliJl JjUaJl Ji 
<J4JI JjUaJl ^ 
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^9 (JUijul jLd>s yA 0>l»P y ~ j dlL <U-o ^>cjJl iJjJl c_^~^«*>I y 2*- O-Lo-P 

4_P y^ ^g-ALyflJ 0 j-%-^ 3 dp j-*-*» o i_A J . 4_LoJl_) 0.2 ( j-P ^jJL Llaj>- (J J-*_OwJ <LoljJl 
^_9 4_Oa j j-OLS" ^-LpI LkixJl (JO*_>3 ol L 4_*_v2_i-OCJl j_>c_Jl 

djjUL* Llj-« £-0 _o 1 -i-& UoJl y^ L>- jlPo-) dlb .doj j^SsJ^/l <w»-ww*>l jJ><Jl 

yA a y>- oljLd-« o jjLS' yA \<r y>- dl-L^OvJ d>L_Lo_*_9 .doj jjddl^M ^w-wd ^ j>cJL> 

OJjJ .oltljJl oIjOp dJ-Lg-Oo J y£jy\ ^Jbc^Jl ol c -la-4 9 JaljJl 


*lJLp Ldb diLkJl ^>s ^Sdll jOJLlI lo_^J ^-oj ^xSsJ^M oL>cJL*~<>Jl 5dd^o*»l ob" 

n * f. 

ob>cJL*_oJl ojl jj>- ^J-5bo ^1 _p 90-Jd dSLlaJl d*y c L&j_> j-Jg-j 4_^-j y$ 

.UjJI l0-& ol jwLoj ^Jl <Loj^o 

<lL&wO>J| Sj^Jl dl t y~s>- y>\ AiUaJl 5*A_^_0>I yp\jis>cj\ o} 

dl ^->1 J"** (b j— P jl j»w*» jl <U^j j_dS" <bw*> ^>- Oobl ) ^ ^jdJl ^-bJl 

yA e-LdJ L* ^_y° ^ iJoJl U^jU y p . ol o_*_> .^jl j^Jd ^ 

v > jb>ejJl C-OwOwv^J oi y . Ow 9 jJl ^9 l^>Jl*J J L&30 _p ob Low^_>s <J ^>-oJl 

f. f. =» ^ i > $. 

^JiSLiJl <-^-^w*>Ijj>«JI ^bl dl ^ (_£jl^db 0-dJ <ub-P d^bj^J ^Jj^l 

dl ^ jdb j-bl dblxJlj y&j t oL>cJI*~qJI ya oolOs ^ 

.IjoJl y>- A^9 ^ <—*> y->\ y 

y>- UoJL 4 »^w*i y>d\ OP Id.* Ja.7 Jl5 t 0> ^d5sJl j^*^l jl j 

OpL-La 3 .j5\_il OP_9 j ^3 dl /j-Sdo-j 4 ^Lo-«J| L^J Ijt^Jaj dl c 4.y?_ya->&I>a 

Lj 3 iw^-LL? o^l ^ l ]g > I op>c-w^'l <lJ^LjlpI ^jwv^J UoJl y 

oO_& £y-*s2-j LoJ^- J .^J-*_&JIj <J yJi^Ji 4_jLL5\Jo d ^-jjJl La30_>c_j ^^1 
odl^Jl diLL? ^LuLo ^w2j t^_9 ^-^*« d^/ 1 ^ui-P Lo^J ^j^>-jlj ^j-^l j^dJl 

.jJl (JjldJPs ^9 (Q liaP] I d*-s^>l jJl <j jl ^l<dl 

JajUil 

^Jwo-*_) ^j>-U j^sS^a v > Ld jJlJ ^JLp jjfc Chris Murray (^Ijj^ dl 

IBM $ y>- y ^Jl ] ^Jajj ,^]jyyj ^9 IBM dS" ^-ddJ 4_*_>bJl d y~J\y y\J>^a 

lj ^*JO- vwoJl j^p 'OjIJLwJI 0 'y>- y y>^\ 015 yS> ^9 4_i_) o-la 

^dLdJl I djdtJl cjL>c_^ ^_9 ^JL*Jl o9l_9 ( /^s ^O^-lj y~~L j-* d^5d> dl 

dds^l i>- ^_Lp ^LoJLaJI t «L^vwJaP*^>Jl ^_^l jiVl djlpJ J j-fh 5 (^^l 09 j . d^llSsJl 

giant magneto iidU-jJl ^^doJc<Jl iojll<Jl ^^5-5 d^^i?jJc<Jl Slj^Jl 
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IfXiS cbLJ .a Lb^-bLJ e^ljJl jL^I ^Jl t resistance 

tjLb A_^»baX_*^>J 1 ^33 ^i-P (^lj^~a *° o^Ijj -. *•*> ' ^o>cJl 

.^jjUl p_LJl ^ LgJ o>- ^^vaSI ^1 

L»J-^>-j .A_^*baC*_a ^1 j_a ,j_a ALyaJba A_*_a jJb UaUL o ^3 ^1 j j_a 

b*^ A_^wvbaC*_^Jl ^ J> “ ^J»P ^JaX-^u ^ lw\^>- o J?l_bJl cii-L ^w2j 

^Lp A_aLoJX&l IJJ . 4_^vwJa_L*_<jJ I A^w2-Jl ^Lp ^-yg-Aj AjjI j^cJl 4 JLI 2 JI 

I^UjU iciJl SjLoJO l«C_JaX -*-a ^Lp ^JSb j jJL 0 J^ljL ^-w2J>tJ 

JJb>J! 0^51 Ju Jaii^J I jJj t (((paramagnetic limit iijpj! jl>- J ji 

J-U^> (H- 3 J J lS'jj-* JJ -Wr^i c£^ 

biblca <uJ jjLJI ^3 4*^+Aas*x^y Jl ^xJL (JlLo A~a jJ^Jl J^Uxll 

. ^— « -*< 1-J ' «,(•? >3 1 ' t ^3 A_<^v_Ja..<.x_oJ 1 Aj l_J I ^ ^bJ 


Cr 

a_*_^j ji j_a j t oL$Lcc£jj_S' Mark Reed -bj bjLa ^Xww*-* 

^a j_>LxJl ^_i_P ^3 Jjlj A_j I ^J| AiLs^l C 0 j_*/?L>- A.SLa^s-b 5 J C b_ol_>eJl <C_* 

dill jl ^ 1^1 j bib Texas Instruments Ab ^^cJl ^aJ <1)15 Uj^ j .oJlp a^>- jl 

A_*~aL>- ^3 AoL ^_^ bJl A-w» JC-^Jl b^l ^_L*_J J .A^a jJbbl J^lJLxJl Oljb IjLCul (^dJl 
b JlP ^Jwo-^Lv»u y-&y .A_oj ^bJ^/l A_JC^>cJl ol jljJl aLu ^3 L JcJJ^ (jLS" CC~^>- t (Jl_> 
C ^Jl JJl ^Xj J->Jl £_^>cJl J C A. oj ^xbJ^/l <La^>*Jlj A-pLJaJi L^_x» t oLjwixJl 

<1>»*<|jw\JL 3 . 1 ^-aL^3^ Aj yj Ij ^Xj pLxJ ibi-b^ t. ^^wvwoJl lbv_>c^<>w) C1 aL-*>Lw5J|^ 

| ^ ( ^ l»d ' ^ wJ b»-wd-j (b 1 ^V-^— i ^y*****^^*^ ' ^ 

bb” jJ j owbLiJl bji>-3 'y ^xJ 1 AbwJl ov C JjUl AjlixJlj 

A^fl^Jaj CjIjL>c-)I aJ Co 15 J C A^Xj^PtJI CjLo J ^xSsJ^/I (jL>c-a ^J^alSb loj J->*> 5 bjj ^Ju>-P 

^-LdL Aj j_jI_xJI A_pLJa.ll J Lo_*_x_^ L L^_Xjj_SLj iSy^r LajL-o LxjIj jJ j . bb. J ^ ^o>-l 

.OlJbcJl) ^-*-*»LoJl ^^w>s-<>Jl CpL-CiJ j (L)ljJb>Jl Aj^-jLxJI AjIcSDI) ^j^J^LkJl 

.JlpI 0 t\ji£ j jS 1 AP IwbJ^J JS\ ^Xj ^-^A 3 ^xX_s^2_a JwO_joj 

j_>LxJl j-» ^Ja_*-a <l)li A_^o w &Vl ob_^_> ^ ^_jLJ1 ^ 1/g.li 1 L)l ^Jl 1 jJa_jj 

^ c JLxJI . (^^jLJl ^.x.,^.xll> L) ^ ^jjJJl J_C^UL AJa-XSba 

tji_jl— aj b - "^" 3l_Jx_j j t^jc^ ^»L_«oj ^j_jj^ bU bi-jjj y~^r J J~*J y-* 

Teri c^i t(lxcJ y>- ^JJ!) 
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^_Lp iS '^j . a^J-SCJI f-Lv^-p! t Odom 

^1 y* (-Vj j iS L ^ j_Sj 

j (^J^l j-> ^Lv^jIj <j jjlj i*_^-oL)lj O^b*-*) 

^3 L?. j ^_3 J-^J t Aj^jLOI ^wJl ^3 ^r^ v::3 0} 

. AolJiJl v >llS\Jl I j_& (J yp£ 

oUj j j&y\ 

a_*_>jL>- SI j-*Jl ^-Lp ^_~J> ^ Mark Hersam ^ lJjL> 

c Ja_fi3 *U_Lo^Jl AjLo- I J_> aJl£J| ^3 lLowI^*- j+p P J-^J • <-) j*-'** jJj jj 

a^ 9 £-JaJL*~u C^3j JS ^^3 <UwvoajJ o I wLj^j j j_>c_> cilO-L> 3/ cii-ta £_>jj 

iS j^\ olj yS ^ aI^p ^-IjjoI jjw^i .< aJ j-kJl ^jS' .}L*jo3/l 

^LJ j j : p >^J oJ_>wL^- Jpl jJaJ ^1 jjia^Jl 015" cJoeLyding £Jw>~lJ jj>- 

.A^jUiX*-»>lj 4 >sL& o J- p | j Ao j ^S\J| I y>- ob AjjjU 

^jP I ^_>c_]| ^1 C 4 _*JLj^_J>c_J| lUjIww)^ jZSSi\ ^~y-*P ^_^oJ A_i_o_P ^Iwwd ^-5" 

cjL«oL-aJI *\ jP~\ ^jSL^j (. a_oL*JI ol jIjJI ^3 . ajlLij>e_^>JI ol_sj^>tiJ a_o j ^^SbJ'b/ I 
y jTjj J~>^^~Jl j-* 


. ojLJM 


('-~‘ , J j' jLy j' y 1 ? 


LJLa aJs-^I 




AjJlSi C ^li £-l^>-j Jl 




LwwojJl ^j-*»lj -Ia3*)b0 

iw«^J I t ^3 I Jl ^ Laai I ^3 aJ^ L»*^»J I 

J->-l t 0 I ^ Aj^L>- I ^ - **.p A-L.^s-*^iw^J I v 1 »Aj ^ ^ ^ l^d I 

33 S ^1 ^ 5 -^Jl <jl J^>c-f oljij 

?-^j^>cJl Ja-J^3 .L^jLSOj ^3 ia-^>c_oJl jl>cJl *<Sy^~ £-^JJ (Sr^JJ"^ 

jJLwvwo- 5” j3/l A-JwJl jwLoj <. ^j_,j>-jjwLgJ! oj^ A^>j 0bS0oJL> wL>w\^>sJl 

|j_A ^5^-4 .Ja^j jJl ^ jJLfl J *(£y>- ^j-^jjwL^J I olji 

l g * ^ j%-^^sJLgJl A_*_>-l jJl AjJJcJI Ob APlJaJl JL>-I j ?-^J_>cJ J_3jJl jjJl 

OjiCJ-^Jl 3 j-Owo ^iSj^T • controlled feedback lithography 

^)l— wJl ^*»l-wflJ wkllwO-Jl <>Jl (^-jl cJb^>-*-^-*'l jjt> 

?-IjJI 0 jLoJl jLdl j-olj ^JlS j Lg_> ^ y^i cjLS" j > cJl ^^1 AiLs^l 

.aJISOj ^3 I 0 j5vd-w%Jl Ja3L>c_> oL-»»Li]| a^LS ?-LjIj .a^S" ^ y>- 

a^^LlII jL5o 3/I OwL^-lj ^ jJL^ji jLsjJl j J-yZ' 5 j_^3 j-yZ-xJ 

L A-wo-aI |t-^Jl ^bJj ^iSGl ^l^>-l ^51 *• ^boj 
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bL*_*JCwj| C ^ <L>- J ^J-Pj .^-wuLJl ^-yg-A Jl ^3 Lolj b&l J_J s 5 j_^j sr 5 ' 

.ojUlj Lj Jj>eJ *«Lp a^-j! ^iLS"! c^Lo j ^3 aj^jLJI ^lJI 

^_Lp lS j->bJl ji ^uJj>cJl (■£ AI^lLJI ^JJL wLoJL*_> c ^Ju*-aJLj 
. CjLo J j^SsJ ^>0 iLo-gJ (_£ J->»Co Owb-b>Jl ^-JkbboJl aL«IS" 


Bell Labs/Lucent Technologies j^Sb o. 

U&jl *J} pi w\_4_s .^l_>jLJI 


^ jp»-i s^s oUjj j^y i 

j} / ^Ju jjbb-a OjIS" JjjJ 

.^-jjU^JI ^_9 L_ 2 »-LJ>c_j 4_^pL w y'2_Jl ^_)L>c_oJl ^CLS”! 

Lf^->- jl <u_>jj>cJl e-Lj^jaJlj aJLaiJI ^3 L^jLaL^-^il o-jLS j 

^3 l^>-y>J j^s^a Zhenan Bao jb obu j 0 Sjl> -\j j .LJbii~j|j aJl&j^ bo ^jjj 

L>bb> 3 1 j»l jj L>t-o L^jLj>- tjl c--Lo-pj c ^pISv-wJ' a^ojL>- 

,^ 1 jl»NI j LojL>cJIj 0 jl^Jl bobi5i*ol 

(_gjJ Lflo-t- jfi J3 C 1. OjJjJl J tA^>“ Aj J.yg*jl C-bwO-sSvJb jboj C-w2-y22J>cJ 

jlS" jJi j Aj bbJ lj ^-bxJl ^3 Aj j_yg_xJl oLjy>Jl oLa^JaJ ^3 ^Jo jjLLuj 

c LfJ e->baj ^_>s l)jL^jl]L>j .^j_> jjL>u3 aAjLa oljlSGol ^3 Lj j->^ b&jjj 

t Ananth Dodabalapur jjoMLbjj L^JUIj Howard Katz ( _ r JbS' JjIjJ* 

I Aj j_y2_*Jl oLojj>Jl ^_Lp A^jLaJ I CjI PtCJI AP CJj 

A^^o jJi b^Jljb>cjl . b> j-o»P (1) jSbJ-wvJl AjIaIj aJ_v^ Cjb ^b^oJl ^1 jj\ wLobjJ 

3j ^JaJl j C^b>cJCw<>JJ ^ Aj (Cljbj-s^aJ Ay^j>-j Aj ^yfl-P Aj j jJCwjJjI ji ^c-jI 

A>c-wvJ 3 ^1 AjJ^>Jl obJj ^)f| Aj bs ^J^j>o .Ajwbj^Jl 

.AXSbo-« <U3 LTS" Owb Jj>Jl f-b-Jj^l ^)\JL>- l^U^j C Aj^Lp Objj o 

4^«XojJl 

.(1) jJLj y* a^jjL>- ^3 f-bwo-b" ^bw-*<l George Schatz ^*jbbi ^ jy^ 

aaJ^jj A-wJjwLa ^3 a»I OwOwLp iJj jj j_o ^3 bjb) j^yy i j^ a <—> j-^Jb b*iu 


br" 


A-w«jjw\_^Jl jbS” 


Cob Lj 




bi )LL< < 


<*). 


AJ j_P 


Jjs-I j ^-U-' 3 IfJ (Ll*jj ‘-j'^UaJl S Ju^l j «i ^ cJJly ^.jJuj . one-room school (*&) 

1x5 L*£ ^yj| jl5 .^ijIj^LmJ. 1 ^^-Lxys ojLxjj d)L*w2J cjLwiL^'yi 

^Idl o ^3 ULw.Jj IjjJ^jJj LoLLj jjj I adj jj*->j LJl I jj^S" j SJj>sjdl oLV jJi Lgj-« OlJ-LJl 
yil) A-^hJl J jjJl jA* J ^ oJlj U ( _ ? Aj .jjJ j-^xJl j jxll ^Ijlj 
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aLpLa)o>J1 oLjy>Jl (J y>*-> j j-U ^ ^laj ^^L-o-^5" . Aj jjLJI 

. ^jJa^sJl jl ^ ^>-1 CjLoJ^>- 

oLj-v 2-} (jL>c-a ^3 c^->c_i 5 j—p-j/l A-j^>c-Jl LJo ^pLwvw« ^ jJ 1 Jj>-! jl5j 
l$j j*-AJ ^^iJl 4~oL^5sJlo jluJlo LoJl^a (1)15" t Jo J_>sjJl A^>-J ^.Lpj joLJl ^_L**Jl 
o j_* j t a_) ^_ v2_Jl lg_^l ^>- L^Jg^>c->a j LgJl5w<lj aj jo Ul L^5 w^_>cJ I oL-aULa 

oLLj^o>- oL-aULa j^xZ £->3 jjl jjJl ^-L>-j j jJ L^-Lp ^jJL> o ^aLLaJI 

c a 1— 0w-w«^»«-^c-J ' ^ 1 ^-^c-J L^^~ 3^^- o o ^ l— w*> j » L ^ »s L p ^ ^ j •* ^co t ^ -5 1 aojo LJl j5 1 

j jJ^ j t Mie ^ La A_o_wal ^jLoJI ^jL^3 (1) ^5 ^*3 AP ^o>-l J3 (1)15 Aj j «,&.«. ll AjjjLJI 

L^ws_^v_>cJ I ^ jj>^s>- Lgo 3 Jj>cj ^Jl A-s_<Ls5\J 1 A3 Jo ljj>- Aj j3 A_o j-waL>- jO 

( Jww2j2j ^3L>jJ1 aSjt ^5L^J j .Lgjl jJlj Lg_o-La ajJo j L^5I j l^JlSwl j S^Ul 

^Lp jJg-O <AjJijl 0 jji> (1)1 . g- j^..yg, ] 1 ^jjS (1) jJJ C*w 0>«0 AjjoLJl ^)wJl 

A3 Us 1 Js3 LiJl ^j^3 ^jjs O^Ls-t-a ^3 AjjjLJI ^jJl jL<>^l*olj ^5 ^j~aL j2jj 

.<Lo>-jLp JojI j_*5" ( J^o-*J|j cOljLwJ^yi J-J jj J t ^vwo-jJl ^jjs g- j-yiJl 

C Aj jo jJl ^ * -o. yg 7 j ^,^1 jlo^JkjO>- Aj>-_LojJlj ^ ^JajJl ^J~Jo>ejJl jj 

0 ^A>Lli AjjLp ^3 Loo j 5\J ^j5\_o~oJl l)L 5 l^lj .L« J-^-Z' j-*. 

j^jL^.^JI ciii J (_^_Lo AjjjLJI j^wJl Jj J->cj ( ^j5Lo^>Jl ^jjs L)t5 tALL*-a AjjjL 

(1)| tJ j_Aj LoJwJ>- AAXj Owb>sjJl ^j-a Lj5voJ Aj>-w\J>jJl3 .oJjli ^5^ (_£ ji 1 J->tJ (.5^ 

1,-yg, .) i i o-«-J>t3 (1)^1 O^La ^ ^_sl Ajj_}ljJl iw^-olJ^yi 

^wQwygj ^^j-^j. LoJw^>-j .<cSLo~a l^l ^_LJJ ^JL>cJl Ll^.^-3 (Sj-i iS 

La Jj C A_^-w%^>c3 ALU 3 La jl ^-<Jl ^ ^ 

l^\ £3 1 jJl ^3 Ajj/ t A_L«_9 Jj5Lo_j La A_^j jl5" j| Lv2j1 a!_*-5 

^Jwyg.3 ~\s >- jj j/ .Li 15" La w\JL> A^jAaIj>J 1 ^Jw2jJl CIjLJjJj Aia-wol ^j Lo ^Aj jJC^*~j* (■ ^Sj 
^ A_^_A j/ 1 AiJL jiJ3 t Aj>-wU>jJJ ^j-o^SLa >L5sJl ^3 3 Jj>coj 

. ^^aH J ^,. ■<>.,■> ,^>,"ll ^j^L-al ji y> ^ 

4,5 ^J5jlJl Aj^j La 15-^>J <• A_L*-La AP j-^o ^oJj jjLJl AjIaJ J ^_Lpj ^-&LLa j| 

^Jlp» ojLwxJl ^ J wOwxjL.>vo L> o^)^_*xjw<>Jl A-wo_L*Jl oiojlLA^Jl 3w \_ p ^aJI 

aJIajj 2500 ^a ^LS"! ^1 j-^—a jJLp ^Jc- 3 0 ^a ^jCjj 3J-*Jl jl J i^-'y .w j->LJl 

^3 1 J-^- o j_vAliT^<jl ^ ^ *J J* L) AjLwj (J J^oo j-^-o t L j-^-a 

I^Jlp ^ ^-L?-o ^Jl JjI jjDIj SjU>L ^>- jJ l^o Lo>3 ^1 aj^jLJI aJIaiII ^w^l j-» 
.^Juw^LjJl ^ji*j jNl cj jJl jL>- wiij .^jLJl |t-L^ 
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Hype 


3 



Lux Capital -^Lilull 


5jUil) Hype JJa : 4 _ 5 JiLiJl 


. Lux Capital iiil y> Juo * 
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SjS'jJl _ 6 


d-* 1 L>- ^*9 w/ I ^2 -.' ^./ /^ ^LxJl ^ ^ 

{JL>-xJl (_J-£' [*■> j-JJLo-9 ‘ (^~^~ ^ L^>j V/ ULlJI JjJ! 

j 

P^_d 6 oj~Lj o c I ^JL*+d / 

oJ-Aj . . . Li* Jjj jJ^LU ‘Lx-^lj} lZj V ^-CdT Lj 
p — /_>- ej> ^oJ/ LlJ. I (j j-^j (jl 4 -jULJI 

. ((<L di> ^Z f-Lj?aJ! e-U&dZ+j! 


David Swain J-oLo 

.^jjj 45" 4-^wix^Jl jJ (Jjl 11 dlj 


103 fldVl Jj;li ^1 ■ 

105 Oydl ■ 

106 J^aiJl ■ 

108 b 

110 l^>sJI <UjLjuJI vi^LS* ® 

111 ^LJjdl ■ 

112 ^JIJI ■ 
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4_j L^p ^5\-oo 0-0>co UJ liULj J5LJI ol jj y^ 1 *— ^LajI ^j-^-oo 4ol yP ^ 3 ! 

4 JI j^lj . <LJl>eJl ajjA5cJI I yS ^jLwnJ <uiI5cj AjwbJj>cJl J I 


4j>-L>Jl d— o>*o y*~*p Uob £jl joj *\ jJo>- 1 ^j-Sb>o 

^L>-j 1)1 yP jJL3lj . L^-^Lp 4oj j_JL) 1 opLSb^ol y-^~ o_a_JaJJl) 1 l)l_Sb o-^L&^aJI 

.4_jj ^J l <j-w*o y/ ^Ja-oJl l)lj <• 4 -wLp A-Ju>Jl l)j_£b_> y/j IJul ^JjLo ^ 3 jL^wJl 

> 

C-A-JaJjJl 4_ob (1) j^jJ Oj j_L? wli ^^l_JLx>Jl oo2-JM y*J ^LoO>cJl (1)1 

0 jL_~Jl J-il j_j 1)1 ^J3lj .L^Jlp j-'-* (^^^ oLw^j j-oaJlj ^t-ol ^_>c_U <i_jli j 

4-43 1 jj 1 ojb.*»»Ji t ^ 2 -*— ) *---^0 i«o I aLj i-*»vj 1 ^^x>w«»»y ' 4-^— *.*1 y/ 1 ^ « i%» ^\p 0 

jl ^JoLoolJl (J ^-00 (jl yP jAL9 1 j .<L>c_j ojl jP- Aj>-j5 JJ_P j_^_laJl -L*_> vv ^ 

^yh dUo jb .LoIjll> ^yd/?yM ^_>b i)j^b 1^1 3jb-*~Ji <^y /j^ opijjjoi 

.4-b-iJl ^1 j-oJl cjLo-*Jl*^y/ 4j>t^o 4_*_9lj 4 jLJL>- l^.yg.*-) ^y?\ jJi J t 4A5 \-o-a 

j»1$» JlJcJ ^1p 0 j JJL a ^3 Lg_>l j_& 4-*Sb oUl L* 

. ^jy> cJl jJLwwoJl ^3 ^-^o-v2jJl dAb I^£y>zjj 4j jj LJ 1 4jl-Al)l ^3j .O^J^xSP <CL*~a 
Loob <P> yPy L^-y2.*_) 1)1 ^1 to j-^*Jos jl 4-o j^w> 1) j^o 1)1 ^'-bdJl -^1 j-*-U ySL*~jj 
L*_o 4_o?l jj>- ^ajj 4«o>-jli>- Ol jJ j-oJ >y/l L^_o2-*_j t Lg-^o2j 4 -Aj jJaJL 

1-LwoJl d-wo>- ^yA |t_w2^ 4jy/ 4^_$"^ o^Lo O^AjIaJI yS~**j t(jLo>Jl . L^J 

c_-wO>cJL^o y[ C-^>o |t-w 2 ^ 4j y| 4-o j-^--** 4-^S"^ o^Lo .^Uajyil ^ojp 1) 

^1 j-oj ^gJJgJLS jl^l jJl L^lj^ y/ 1 4_loLfl-oJl ^c-^xJl CjI ^jLL? Lai .4-o>-jlJ>- ^ ^.aJ 
4^>-jL>cJ1 t, $j j_iaJJ 4 j U> c_L^l 4^_^Ja_L*o3 j^_5sJl L^_L^_o2jj L^o jJ y-*J <lS 5 4 _> 

1)| .4_jj^ojJl ^jos /j_S\_Ow4 jIJ-Aos ^^51 oiiJjo 4 _A_Aj>c_>J tjLJaJl CJ LowJ-^JlI J 
.4jjjljJl 4j LidJ ^ ^5 4j3 1_o2A3 1 4_v£? j3j tl yS LoIaJ L Jj>sJ ^JJoo 4-3”jJl ^1 ^-oJl 

w)_lo>- ^)^LJl cjLX-o-Jl^ . Lo j-A-> 4-^S"^ ^| ya 4o ^-0>cJl ^1 ^-^Jl ^^-oO>- 1)J 

J-&J . 4_5151aJLoJ 1 ^jl ^_*lJlj f-LoJl y A ^1 jo>Jl y2-X-*} 2 jJL) -A_lo>cJli .l)L*^oy/l 

f-\ J-^AJ LajLp t ^Jj>c-Jl ^Jb J-&J .O J-vsJl J ^j-vwO-Ulj Ojl J>z . JJ L^O>c-« 

i CjL) ^ 5s-oJl o^J_*Joj 0 yxlA 4 o^b J^J . 4-J->-ljJl 4 jj- 0>«J1 ^Jol ^>-jL>cJl 
^yjl ^3 L^J-owAjJ L^<o-o-^2j 4j ^ jljJl 4jLiJ 1 cJjL>sJ ^xJl ^?1 J->cJl ^i*-o 



1) ji-Alll 4P jjwyfl-o Jl JJ wLaJli .OJJ yP.] L) 4jJjlj 0 lj^ 4-b JJ 1 ^1 J-oJ 1 O-wwJ 

1) j_5bJ 4_*o LoJl jl j-lll ojbyA-1? l_^_bo3 j c o ^XJl dj L oj Lax>J 1 L^i ^3 ^ .-<>■ +p > 
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3 l^^a ^ 3 ( ^ L-l ' ’*>»■«■/? * 1 ' ^ ^ 3 0 ^ 3 ^--»^«J 1 O^J w\j^o 3 I ^ j.^\J . ^ ^vJ l»*»»^i^c_l 1 ^ | »XIJ lj jb.0.] 1 

^ J-*-*-!' ^J-;^J . La^J 1 o j^S\ Jl (JIjLj ^-^^JL> <La^_Sj>c_ i Low« ^xp 

3 ! ^-a ^jj j ^j*a l—x^^J c w ^_*_*/ 2_ll (^j" 0 ^ * ) 1 ^ I ® c ^^jLxJl ^—L^vsJl 

^lj^>JJ 3^JI e-L-JiVl ^_L*j y>- j t <uSj^>cJl JJL ^.Jax^J 

A^jj! 3l j-^Jl (1) 1 ^v^l j-)l L^°-^ .A^S"jJl 3l ^*oJl *Lu ^3 Aj^j>cJ 1 oljj j ^. Jl ^s>-j 
^LoJJfcl ^-*^ 3 j-° I LfX>j j*sS j t AJa-XoVlj ^a iwL^- i_«_*-*<ij v l>c-o |>w2j 

• LfXa Ji Lpo -^La 


^idvi sais j^\ 

^JljJl ^LxxJVl j_a UL ^^Lp La < 1 )Ls ^LxxJVl ^3 L>j^- 

cl) j&j ^aJI oL ^>j>cJo ^ jjs$ *Lpj Uw^>ti .AjLaJJ$"j JlUJI ^-j y>*3 

^jJl ^Lp^JI ^JJL, jl ^Jl fLJMl OJJ j-y*^ . tw 3 JjJl ^_i _3 jJ o ^JL>- 

<. L>*>UJJ ^oj a_>j>o cjLJ 0 w\_p wLJL*jJ 1 oJjwLJ- a»J^>p Lfj j . LoUj 

. 4 ^*JwvaJl ^xJl ^Jp ^ iLJa 7 j Jg.^^vs^; Ajl V| 

^3 A»J_v 2 L>cJl A-Jj>c_x»Jl CjLS^^JxL) ^LXxJVl *Lo 1 3 ^)wJl Ja-^ol c_^^>tJLwvO 
e _3 j_)La (jLLa ^-A ^LXxJVl A_ul 3 ol jL_~Jl OljUalj . Lf>- jL *^ 3 L cli-taj c 

^j-*a ^ • A^j««*,^ j / 1 A.J ^ ^ -Qw »— 1 **• ) I j l»la 1 A^^o ^3 ^-M - ^ 1 w\_j w\_^" A ^_9 c ^ 

^ to |t — -* 1 ^J. l .yg l . l >g-j Ij-A d)l 

.<U*«j 2 j lwL < ^>Jl d)i 

^jj j J-*_o .S^OJ! ^3 ^JuJl 0 ->j j-& A^Jl^ Lp j+-Z> cJlLa j£\ J 

( 1)1 ^ | .A^J»P i^j^> (^*AJ 1 (jLSCJl ^jS> lX 3 CXojJl otA-A^Jl ^3 ^lp A^sLp- AjL*_ 1 » 

?-Lx^aJ 1 ^ 0 -v 3 oLxjJj> cJl ,jy^2*^h3 cj'y t *^-j ^ j-L) 'y C^-Jjjl ^JL>cJl Joj ^*xJ 1 

ii^Xj ( 1)1 cl) j 3 CXojJL Jaj ^*xJl ^Jaxjj A^jLj ^oJX>s-J ^^ 3 -XXj C-ojJl ^j_*_>o L^j 

.Aa^LaJJ j\ ^1 


^3 J^2J>0 Ls J^_3 (_£ ^JuJl ^3 ^JlJJl ^LxJMi ^L^>cJl JLLoJI 


L«l 


AjflL^l 




. La 


JJ-*^ 


Ja^>l 


C 5 5 


. Ljc« 


VI cli-L Jaj! JXj . Aj3L*J I Aj I A^Xsp'yi 


cl) jJUl ^y>~ L)j^jj .If) ^p*- Ajixl» aJ_> j oL ^)LJl Lf) 

.f-Ljl ^3 IJJj 

Jj>&Xj V IJJ J t A_Ja_AX 


XIjIXj 


I Jj>- Ua. ^ 2 X-vs^^ ^ I L ^j>c-»Xw« Lai ^jixxoJl ^ ^jLJI 

ji j^Pj Aj jj>cJX>j j^P cl) j-Slx3 AijjJaJl AjjjLJI A_LwvJ_*^Jl L«1 
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o! I j yj L^>— 1 _ 6 \^S j-i .*L^J1 ^-3 

^jjJ LgjU *L<Jl ^3 ^Jj>cJj (olj jJUl) A^J&~^<>J ! ^y> I jJl C->Lp j-o^>i-A 

Lg-olgtJ <1)V L*-a 4_Ja_iL^oJl ^p ^Lw*J 1 £_oj>cJo LajI ^p ^Lpj .I*-* 

*L^*2J Oj Jg-^V. ; I Jl A^>t-JUJlj .oLoJl £A L^_oL>cJ yJS y$\ L*-a 

C *LuLoJl 4-jJl y>*~) A_J~\JIa e-LoJj AjLJl <U ]g-A.^vwA dA Lp yt*J>zJ* ^yQ- t^ y *> cJl 

aS'Lo.wa < m jl\sj>xjj .£-LJLxJ 1 Jfi-wAj ^3 *Ul l ^y* 0 j ^AJ *Lu jjjSjjJjb ^Jj3 CjLp yoSy~ay 

.\ jZo Ojlj 20 Jc>- 1 ,‘y 3 La o^-P e-LJL*Jl 



c ^Lo-Li 4-<LJI a^-LjJI cjLj jJUl . a^L^- s-LJlp j^a yy*-* L>- y ~o~j 1 1 _ 6 
A-LtjJl 3jl j-^tJl JJL) ol ^33 <LJl .*lil ^j-a ojjjIj aJLoUJI Jgjl 

General Chemistry, 8/e, by Petrucci/Howard, ©Pearson Education, Inc.. '. ya ^ibJl iiil y> Juu o~~a£I 


o jJUl L^J cjLxj^>cJI c^-p j-A oLJL*Jl I-L& ^3 

La (. | Jjy | j~S L—JllJl jlS jJ A-wvAj ^Ls<2j ^ j^>cJl A-LJLiJLs . AjiLoJ 1 yy3 

£-l»JL*Jl a_*»A ^_Lp a-> ^_j L j ^Li lJLw*-l *^Li>c-a y^-t 

y^*~ 3^1 y «.iv» LJ ' 3 ^ ^ * **. ) ' ^ —J ' y^3 ^ ^ ^2 ' c_»LLj ^^>a y C A_^"^L*>,^|^ ^** ~q*j y 


C^-3*>Ul yy> aJj>- ^^o-Ssj . (^j J.^. 11 jL^j>-j aJj>J| 

^5Co-»^ . ^g3 A-o 1 3 L^_jI ^g3 ‘L^-JLP I Aj ^_j3-vflJo 

^3 *yL>-*JLw«j| 2)^1 wL^XJ t A_P j-^-a 3I ^3 ^gjIjJl 
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i>dl 


.a_u_*_>3 3j j- 1? Lg_>l <15"jJl o^LoJl oLo-^*> ^y* 

. LgJ S^Ul ^yP j^J> ^1 ^-oJl ■) IgJ l-yg J ' tJljLo-^vJl di-Lj 

LgJ^LoJ ^Jl ^JJj>cJ| ^1_P LgJjw\JLs <1~S>- "jJ* l-ygji <USd (j jdd cl) I d 

. <Ulx^ U^»daU*^3 j-^5" j\ ioLo-i" oLI ^la-ygl jl 

> w 

^j„,»/?,dJl ^9 4_oL>4 o j^Ju t»_^woLj'yi «LwoJu Lj jS 5 -L^J 

Sjju tw3^*Jo AaIx>c^J| <_£ jjUI dU-wJl CjU ^5vo- 9 C i*_9^*J aJL^s oJjbj .^1 jd 

iij^JaJl oJ»£j . l^-a Jd j*J l l ^ J a^ j ^9 £yP y ^lll Ojj-Ul 

yj ^la ^ ) L*£ L^o«j <U9 ^ ^- da _ x _^_) ' j I i^-J,*/?-] i l»d ' «»vj I 

olj ^J j ^-w*i aJL ^J a ^ I c ^jUJl ^j*o L^wIp ?-LoJl wLoj^cJo ^dl 4 _»wLvL>«JI culdwiudl 

(J jl^3 ^9 OljJl jd\»w*> J J_Lo aJL> ^J a jl (, ^J>tid>3 J J_L>e_> 3 ^J-odl 

J ^ ) ^y\^>i*& oJ-P ^9 I 0 I Jpl^laJl (^J^-lj .(^j5w 

jjAj ^Jl^-xjLwvJ (^15" jj ^9 Peidong Yang ^jL £_>jwblj j*~ >c * a J a^>jL>- ^9 

^s.9 jJl ^|_> jJaJl dlLJlj ^L^Jl ^jddudl jLl>s_j oLoJwoJl ^udl cdj^_L> 

.4jj^>lji ^udJ o^o>-oJi 4 _*jLjl]i oljji jisdd wLj c (7 4 ( j^udi) 

l.yg jl (JLLo J-^J *^1-^-^ 4_>jjLj ^Lj ^j_> ^5\J ^9 ^Xj^j>cJ| ^_9^xjJl (JLo^JLwai'^ cj IjL^ 
^yi j>s>- ^Jl L^x9^ j_*j i y^ t ^i^JLoJl ^LJ'yi jl ol j jJJl a^oJjJ 

4^jLj A^JLpVI ^3 luiilJ JjjJ . 4j j^j>cJl 4 -Uj>cJ| ^9 j-° ^>-1 cjl^ 5 4x>J j 

c_iJjo J c f-LoJl j j-iJl J_>-ljJlj f-LoJJ ^jLkJl ol^ c oL^JaJl 

^9 O-^vwJ C^l jJoiJl (. f-L^_*Jl j-y& * j-i J-*~* <J '^-*- J J . 4_j j^j>Jl 1 _>*^\j>cJ| 

C ^LLJI 4_j j_jLj ^_l?LLa c_-woLj % yi aSjbj .^LJL 4_lLl<^ c_^wolJl 4_l Ip. p*c-x>J \ 

<u_L>cJl "kS jj>cJL> ^ ^j>-^/I 4-ol_^J I oil ^SCoJlj o!A-s^.a3I j cjL>J-*_<>JJ 

^«-o ^5Lo ^9 4jlp ^ Reza Ghadiri ^ ^j-Ip wX9^ . L^Ja_^>c-«^ 

olJ-jLo ^<>w»^J 4jlUJI JSLi L^J oLXjJj>- lj ^-<>->cjJ 1 4-J>l^ Scripps 
(3 o jJk^p Jl olwL^Jl clilj ^aIiASCj . k^x^p ol ol)wJ 3 j^k^p kjjjS 
o J_A (Jlp’-oj .oljL^Jl oljLWl 4 j j_>U 4_^w\_S^5" JwLo <L^_Lv^ ol^9 cj j-^^-3 

4_d_>cJl 4_L>-|^ 4^d->cJl pLJLP ^9 4_^x. : yg ! I CjI 

<uda.il oLudaxJi ^/2 ^j ^|l>o | /^SCowoJl .5 kt* j+~j ^rj^'j 

.cl)Ua Jl L*l>\i>“ O j> 3 ^Jl ^lll ^ojj>cdl 4-Jl^ u5jj| ^1 j-oJl i ^y» 
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I A^Oyg.Il c A^-wJaJI 0>l jdJiJl 

C Ly2_*_> L^-yfl-*-j oLJjJl oU * ^^jL1o>sw« jJL>cJJ ^3 ^SJJj>cJ| c_3^_*jJl_) 
^JaOvJ 0-^>o Q> La J aJ 1 Ji\^ LgjlJLiJ ^_>- jl>Jl .ig-Np^-yJl a_*J>j>c^>J| oljJjJl c_3^*Joj 

<uS"^ 3 1 1)1 ^)L>^>cJl ^Jl I ^.yg 1 J^SCo-Jj . A^3 .^Aj j-0>- 

• ( ^ ^5*^ l*^ 1 l*»vJ I ^ ^ 3 1 ^i.. • ‘i—i -i 1 o *«. ^ Lj ^*~**+^ ^3 

J-O)' 

^j_P Lyfl_x_) ^ ^j>-4 j-* oljJ^j>- i^y° *■ aJj^* j-SGj (J^ 2 ^ *■)-*-;> 

OjljjJl j 4-oLwo^3sJ| olpldwyaJl ^3 J 4jj^>cJ| ol« ^JaJwoJl ^3 A^jL& o j j 

A_Aj j-L? ^jLaXj^I JwpLidJl ^J-Lo-J t A_*_wJaJl ^_3 J . O 3^-v2-flJ I A_>cJl_*_a j A-o^ wOygJl J 

jl^>Jl ^Juy2_Aj l)L~O^M ^_3 ^L*_lgJl p. .«./? ^ l LyJw^>s_3 .|jj>- <L*jl_Jii ^J.^.aJJ 

4-pl^yg Ji ^3j . L^Jwo ^JL>xJl ^L*JaJl ^j_p <LoIj_*JI 0 I 3 oL^SwJl ^y_*/2_^Jl 

^jp 0 (J lygA j ^ L 0 j3LoJ ^o-wvJ A_J>l_)^s3 aJL> j3aj olp Jus^jJ 1 

. Jg.jll I ^3 Ly2-« ^3 I ^1 jJ I ^3 loi” 0 J+S* 

j ^-5 vj (1)1 ^Juv2_aJ| O’ L-Lyp ^3 A_L<y*_L~*wyJ 1 A_> ^jljJl ^dwJ I 0>l_A-wJadL] J^-SCo-J 
^3Jl iwA-3_*jJl ^3 I (aJLaO ^SL<Ls^) l)li ^-L**Jl <Lb\-*~-+S 4_la^^u 

O’ ljo^>cJ 1 ^j-*>lJLyJl Aj^jljJl AjLsL^j j+S* jj ^yJL> 0 j^jk^P. Jl O’ lOy>JJ 

<• ^J^-ww*P ^3 ^J^y 2 J>c_> <U^u 2 _> .cilta J'r*^ L^_jL-*<L^ <^ 5 ^^ 

jj^-j L^-w 3 j j *P3 (_5"' s ^ ? JT* LS^" 4^jL& 4^L<yP 

^>cJ I g-j U» | w\J I is -~^ x -t *" ^*3 1 ^IS^J I Aj Uj ^3 . <lJ 3^-v2_A J I 

Owl yg p»- wli J .^--^sJ>cJl ^Jl O C 3l_*w) ^wJ C ^I_SC]| J-w«-P aJ| <-L?wwO 1 J_J Aj>tyOo 

I Ljw\j>o ^JjLy_) oJlj L« aJLSjJI cLLL) c ^t-wJq I <l1pI aILaj ^3 o>l j ^Jg_> 

• A»o 1 ApLyg-U 

s-LoJl jl^yJ ^yw»0> .(jloLJ^j L^J <l*S 2 03 L 0 j_a Gore-Tex 1)} 

^Jw<yj J C ((^ L^Oj A_P jJwy2_yJl ^ 1 jj) ^>«J L> 

Aj>c«oLy2 0-0 O^LyJ I 0 j_A ^3 . ( L^_J J_J j-a ^JjLo l>\-3 ) cj ^J>-w\Jl I f-LoJl 

J>> ^ C j ^_Lfl-x»Jl 1) ^Jl Aj>t ^ A I \ ^OAJ J . A^wOyi? kwP ^~i 

olp J I jUcJl olo^p-cj ^<yvJj lo ^A j Aj^jU k j j^dJl oLxLao J . (j j-Loil 

.clU^ ^jjLwvJl ^JwoJj tjJ^xJlj 0 OUoJj>cJl 
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I ^Jg 1^^ • ^ 1 ® »bP <-b^£ *./s A 1 1 ^ ^ 3 Aj ^j Ld I 1 ^^ o»x»s»«^o 

j! ^SLo-> ^/?L>- ^Jy>- £-3 j-a *Lbj t ^b^g><Jl t^_3^*_lJl J^.v?Jo LgJ~<>_*-b«b> ^bJl 

c tJljLoJl ^J-^-wa> ^1p ‘^^-j^ 3 Cx^^ *b3 '«— ^ ^bJ_>cJl ^ ^^^dL A-s^l-^- J a»o j_» 

^pjj ^wd ^jLu ( j_j_bj) EDTA ^_3j j-*~odl j-^-^Jl f-^Jjs-cd! ^-3 Jl>- y 

yy^S\ ^Jl y oojl (ethylenediaminetetraacetic acid J_>Jl 
JgULd^d ^^^->cJl I d_& (JLo_*jl^I ySi^yj . aJ ^ oJl ^1 oLl^j ^J-p < l^\J>^->j 

^pLjj ^jLo ^ j_^_j2^3 ^-wo_*_j J . (J j_L>c_>J A^j1*ji ijl j_b 

>^w 2 ^ j-&j t siderophore wbwb>Jl J>jL>- L« j^.ygb Jj>Jl 

^jl Ab_*^j aJ y>^S^a y[y-[j j* J ^ Aj ^ odl APj.il (J L^_*JCwo ^ A-v^Lb- 

.Lgb < j jp ^^jl Au-Lx^jl ^jl jjdl Jglid' , y \j Cj jSi\j yyj yz]\ 

t^*>Liodl ^j_>Ldl Jg y\sj>- 15 (bbl j^SjjwLwwvdl ) wb Jj>cj| ^Jjd j-g* - j-Lo 

^Jba aJ jg*i-Jb>dl l^l>-l ollg^Jl aj L iJ AmJjj^>cJ 1 Lg>pj.ili .Alba ^J$"y2z3 

wb j_o*j|j ^.S” A_p y^J>x^a Jg b_3 J . A^jb_*_^dl .ijl ^j_JL)l Jg Lib! j/ A^U>c_>cJl y>^^S 
zj\y> JgLibJM ba> J^Ijj>- LJjjJJLS' i*_^L>- ^ Ken Raymond 

aIIjJj JglJcd^d aJL jJaJl od_& cjL>»*bw«j| . AaL-o j j-^L> j I /^SLoo A_b_*_^ AoJ_*_>j 

o j-^L> j! ^j-SLo-j 1 dd .|t— ^ ^w>Jl ^jj?L*g jJl L^° f 

tA-yg, 3 c o L-oJ I aj>»JL*^jj ^Jwo-xJl j^5"Lsl oLs'y ^ j^" wbwb>»Jl ^j>- 


.JlSw'yi aE^>j>- A^^vg- 4 A»v 


^jjL y \-fj5 


c j-x^ j-^-* «,(•?„ 1 Lp A« d^<j-xJl ^JaJl b| 

Ol^ ol jjUl J ^o-J y^\ ^y ^c)L jJ> ^3 ^jjyj (^bjl ^ 

^iLJl L <olp Ai) j-laJl o . |jb>- A^o»^>Jl (^^yj (J^ o yx.*./^] 1 ^_iJl 

j j_^J jl ^5Lo-»j t nanofiltration ^^JUI j?S\ j\ ultrafiltration yC^\ 

a*-* Air Products Corporation jl .SJbl* i>^U^bil io-J oli 

c ^| ^ I ^|~ */g ^ I I ^Jg j L <>w I ^ 1~^~ ^ 

. A^wJaJ Ij LoL^SCl j *l_p LbygJ I Cj LI jrd^ ^ p jr^J 

^ ya^>S I Li! jj ^y>- oLwoJl A^_ib y& JJLoJ y ^_jLJ| ^Sj ^bU y y>~ I <lJ Ll^-L-j A^j J 

a^jL^wo ^b *lb-> oLa^JajJl o j-A J^J . o*!)Lvg.AJl (jjL>t-« 

^Jba 0 Jul j AP Lbyg CjIS” <U^jLwvwoJ| ^bJl oSjt> jjj JaJ ^jba jJ j . Aj j_jL 

.Aj^jUl AJUfU L>t>-L LoL/ 2 bi! LiJaJ Dow Chemical Company 
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JbP-UiJl ol 


Lp ^jLwo-^SvJI JpLLJI j_a j_<2j>c^oJ| <jj_ 

A-JwOj jj djLu^>- J t Lp j-%d oly^jl jj5l djLo->J_Jl j-d*J tcjLwvO^/l 

y-^J jj jJvU t JluJl ^Jww-wM ( J^- .AJ-L*_^i <jLwg^ 0 *!)\-PLaJ ^gl_>- Aj>- JJ 
I Jl& j t iia^w^j oLjiw JJ *UdJl diSLij ^l*JJl J ptyalin ^JldJl 

^3j . d*-9 Jl t^LLo-3 ^_9 Ad5 y J 1 Jj>- J_^5rJl ^_*Jg <1)1 j-A 

|JL»I J L— I A^*> I y I Aj *^2.^c— L I £• L—^— ^ ^ Lfl-^~ 

jj jS \ j jl* oijLwJaj ^3 ji ^J-SC<KJ Aj^y ^ j_^5\Ji a_» 3 Ls/2j3 'y I oljUJ)fl 

j^-JjjLxJl ^^^>\_>^Lw-'y olj_fl_>c_^>Jl t pL>J 1 JajjjJL f-wL-Jl ^J_9 .Ja_dJl 

^JLoj ^Jl AjiJj^>c^>Jl olj jj J"jjjJI oLxjy>- j aJIaJI ol jjllaJl 


.dJj jjl 


djLoL^^SsJlj ^jwv^J 


i-li-Lj (ji A^lJL>- O^LflJLwAi'yi ^>A A-J) LwO-*_^J 1 A-JL*_>l!1 O^Ljj yj\ Jg 

A^j Cj 15 ^.<51 gJa-«^> Aj>-L^vwO £-^JlU d-ol5 13 j .^Ja-wvJl d>-L^vwO-> ^J>*Ju A_5 L*_aJ1 

^3 jJjJj JpLdoj L*-« .Ja -. ; jJ ^ ^>-^1 A-jL_*w-SCl Jal ^-*5J ^51 £_vg| 

S 3 LJI LL5 o-JL lil ^Ja-vJl Aj>-Lwvw« 3 I 3 JJ ^-jwjl • W ^ *~l 

(. I -U .2 ^j, «/?.&] 1 ^3 j J-uJl i-_^a-LJI (^_*5L« aJL>- ^3 Lo-5" L«LoJ cajuLj a-5_SLJI 
j£\ S 3 L 0 JJ (1) j5L> t (^ J->LJl J_**Jl ^3 ^-w2dJ djLLL^-^Jl 0L-*»L5 ^s 

jj* Jl <• L^do-^3 L^jdJuli Jj>- Li j <. AdSCo-a ^Jg-wo aj>- L*^w« 

3 I jj* ^Jwyg-j Nanomat ^J^3 olS" j-d aJL jJaJl 0 ^Jw<> 1 -*dvvJ .Jj 2 j>c^oJ| ^yi 

. a^p L- s^Jl dj La^-Jg-iU Aj^jlJ oL> djl 3 

''y I -L^ cLjjjIJ d->l^i>6>j LLw*-l <1)1 ajjjLJI d-j UL_-- j>cJJ ^SLojj 

^ J -<>-XJdvU AjLdJl <Ja-^l oL^Jd« Jl J*. *_v2jjL (J^>*^g ^Jl yj^i ^JdoJ 

JJl Lyg-j 1 J jJ aj^jLJI DlidJli . <ij\ yjL>ij* a>j j_*jJ 1 o-d-diJl ^j>-L^w<>J1 

aj >- j ^J>pj . Jv^-^Jl djLdiJ Lr°J L^-Lo ^_x>->cJl A_^gL>tjj c LIS' owL; j_>cJ 1 
jl5 t Mobil Corporation a 5 jJl ^jUJl J^Jl ^y> li^UaJlj 

J'y ca5-j-<J! ^J>dJJ zeolites djJjjjJl J- J J; ^L ^LodA>l a_oj 

jp- ^>s aj5*^j Adjy>- d^L>dL« oLioL/ Jjj ^Jl of-LL5L) L/ j jd» ^cdJ 

.jUd'yi L*— *j! jJl LJj jjl oil j5C>Jl 

J5Cj JlSLd! (jV cid,J- Jul> J! Jlp oLJjJI Jl jLtJ U LIU 
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A_>j_jLj j\ (jLLL aJ y*P yA A_>j_jLj Ol ^_g_3 .^1 j_oJ I A_L> j_P 

.(2 _ 6 JSljJl ^JaJl) Ju^l ^3 oj jj!>oj 

• O-JjjjJl ol y>p~ oU>2_wvj>- (1) ^S2> yJi>z^\ 

a^jLj ^ ^JL l I c t.iiJj oLw^ij Ul>c-a 1^3 1 ^pIaxJI A^blij 

l^J Ail^a oil jj^5jjJuk ^J..v?.a.j c oL^LwvwoJlj ol j_>c_>cJl oLw«jL5» L^-^> 

AjjIJL« C 0 J_& A^ow2^>j| Ojj A-J~o»P A3 J .<l)tawij>t->3 <~~S yj 

cJ I ^Jl c aJLL^JI tJL*j>-'yi ^_3 Lp jjLSl O^S* ^ jJl ^ ) 1 fj «|-V. X_] I Lj 

.Jil AjilSsjj o*>L/a3 ^Jlj c o?- LiS* ^IpI ^1>JI 

s-Lo oLaJL>s_>j ULp A-*J>l_Ji> cjLlJ j_j jJl d)} 

t ** " * > 

0 ^ L^m.3 ^ yj ^ y*.p , ) I ^ y 1 y «„•%■. 1 ^ y*^***^) ^ y 1 y « *) A-)^L»-*»£ ^ ^ *,m ) i». , -■ - C A»J y*^A 

C. A-Jo J . A^*JwyflJ ' J <U^S" CAa 1^>C^J| oJjjjJl ^j> 5 OljU ‘toJ J .*Ul 

JjI jl ^>3 ^JjUJ t Aj^oL>«jJl L^Jj jJL^ ajjjUI a^jL^woJI a^?L>cJ| 

jJl 0 ^3 jJlj ^llajJi <L*-w«jI jJl AjjjUl Aj L ilJl oljL^JaJ 



oJ_2jco dwJ y—i'j A— •y*^ y—<*^ ! 2 6 

»l j ol ^JLlI jii ^ill ^ j^iU SiJbAil oL-Uil Ja^-^( 


. Geoffrey Price, University of Tulsa '. <A3 ] 


y • 
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c_o*bJl J^lJL L^jlLo I 


J*\ j^\ fcjldJ oli >1 j i^UI ^1 

L^jL A_> yj IjJ 1 ^X-Jl C_J2_v2jo 


.oLjjUaJI ^5 ajjjIjJI ^j^jLxjJI j~~5I ^jLL JpIJLj v ^3 A>jjbJl 

^ j_v2_4-^Jlj .^?l j->Jl aXjIoJI a^UI oL^S" ^ oJlj ^xJl ^JlS" ^ o yj a^Jj 


*./? I ^>- cu^>- aJjLoO o-~*-J o^L>Jl d) 1 j_& I j_a ^a?I ^ 5-nJl 4 J_jLjloj 

. l^-OwwJ>- pL>-jI ^3 AoL^aJI 

ob 4 _>^jLJI obJL^>*Jl o ^xJl ^.Lp <-Lwoj>cJlj <\Ja^wwvwJl Ajjxab/I 

j^-bf ^xJl oJ_& ^JL^Jl ^3 jb *A*_3 jJlJlj ol jjJl 

a^>-jIJ>- o j03j A^b>-b ol jj ^jjo aJ ^ 5CoJl aSLL^JI ol jS <blp a_>LJLj <• aaIo-i-4 

Ob Aj^jU Li? UL j-~* .2>L-XJ AP j~o -> ^a 0-Lo-*0*<l J-3 j . ^j>- I O [a Aib3 j 

^jJjL ^ ap ojIS"j c UjJI c-ioS" ^3 jJL aJJaoJI Av^laII ol jj 

a^Ij^ oJLSlj MIT aJLLlJJ ^^Ijo j_JoL^L> wLp-fl Moungi Bawendi 

.Ax3 jjjJlj ol jXJl ob AjjjLJI ^3l jXJl oL/2_>I CjULm?- 

AuLXuI $\ yA LgO <, ^y&\ j5iJl AbloJl AjjjLJI ^xJl {j* \3s>- Ala^vO AX3 AoJ 
(J y>- <-A y^.*/3-A Lp 0—0w»>jI (l)^-^*oJl I ^\JL« wL>- .ol y-A-A 

y-^J t ^jjl J-Ul <bLo-> OO^^Il { j^2^*SJa\ bl .AoJ^oJl (jLw^Jl f jA ( J 

AjjjL A^S" j- 4 <bb A>c-JCj| Ou 15" l aJ-v^ 9 Aj AL^L>- Aj^jIJ c_^-oLL Ajj^JI o L w2_3 

A^-yAa L^_)l 2 ^1 yA .J-^5LU lwL>- 0 A»jLa» oL A-JwJl 

^jJJo L^Jw« I ^cJCJ ^ 3 j_*^< AjjjLJI aJLaJI l)I -XS"^oJl C /j^aa L ^Jo 

. ^y3 J-y~A J*£* Ao jLas J 

LJL>- ^?L>j_>I_j l)Lx 5" ^*iJl ^jjcJj . ol jLSvXj^ I owL^J aLjLa ^ a^J 
A380 iS^UJl j-yjL>sJl (_£l (. a^LaJI ^J-«->cJl ol ^ jLI? ^5-i-^ jLJ->s 50 y > ^ j 
ap ^ vJl ob Sonic Cruiser jjj^S" diJj^Jlj c IJl*x« 550 Jl ob super jumbo 

A-u j_> V v5 k-bLJl ^1 yA ^y3 jjUaJl UlS" ^3 ^Jwo-xJL^oj . CJ j-v^Jl AP ^_*-*< A-o jJL Jl 

^ L^_> I 'yj C OwL^>- 0^L« (1 ) j_j j^sJl ^_3LJl (1)1 . Aj jb J A AoL>- o jjUaJl ^Ju*_>«J AibSsj 

Ab" ^oJl ^1 .A> jjLJI A^S" ^oJl ^1 ^^1 A^w*»w\_X^Jl ^^j^l ( - 3^ >t 5 

(. Ls^jI a-a5*-I .JjI ^1 ja ^Jl j I jz£ J >1 obj ^ jJI ajjjIxJI 

>( j^a>-jI ^Jl^-CXxJI Cy*J *" (J^ ^ 3^ I ^ 

^u^^yi o^ybfc-a ^_3 c^l^-wJaj oi j-jLIaJ i A_^*iwLX_^_] (1) j-5b t. 3 AjI ^c-^x-^a 3 


110 


CjI jLSCjN I yA o jJ jl ^SCo-j j L^JlJu 4^J>I^ s i , a_pIw? L^-jI A^bc>c_x>Jl 

.a^jji si j^ji y 

$\ yA yJlPt J ^w2j ^ ^jjJl ^JLyaljl J Aj jjljJl ^wJl -bj-oJl ILo-L*J £~°J 

£-<*j>sJ| jJloJl yA i)y£j J-9 ol ^jUaJl aJL>- yP I jJ>«Jl OJ_*JCa oJJL*-« 

<iL^5wjJl oJ_£3 .aj^jLJI <^S ^oJl z\ ^oJJ aJjLj^jsJI y &\ ^>«Jlj I jJl ^IjcJ^I 

iaJLwj ^jJl ^jjJl yA 5 yb y^\ i)\ yp- yb iwi-ljJ ^jl jJl y -A ySi^j J_3 

(^jJl y^*" jl 1 4590 /*-3j A^vJ jA Jl <U^>eJl Jg jJgg>Jl aJj>-j g-ljol $yy£j ^^Jl 0 jjUg 
c L» 4_^2 _>s_Jo jJg_> a^j>- j • Challenger ^g>jJLjJ g- Lyg„A 1 1 ii 
^jJoLoJ ^*-waJ <Luj ^xSsJ^ll ^jJl ^^3 ^-^C>cjJlj JwygJlJl ^-o £_oJ>cJl wLjLoJI 

Lg_L^*JlJ ^sg*- ^-*5 Jl ^-wjJl oJ-gJ ^SjoJ . 4_L?_llj>c-^ A^Sj v S CJ I jl £y*J*A 

yA U-^» ^ yi^A IfjLzS j I La Lujj>- L^wsJs^J ~L*_> L^_xl>jLwvwa y^J jl y I aj jUa-o 
j— *JL> jl ^j_*>Lo»^Jl I yA ^y l. *.P -O. ) I ^,rfg .wO. >3 II^ . Aj ^Jg J^\ ^1 Ojl j_>cJl 

^L-Jl ^ jjJJl (jjjl yp ^1 jL>- ^3 *. — — La_>aJ I ^yOA y*p\ ^y** 

^Jojl ^_~Jl £-y^ <y^ y^* Ij- 5 ^ OwLoLa j j_Sv J jl *Lol_Sjs^/| o_LgJ yS^-yj .1 jUl 

yA \a |j_Aj t-ULg- Oljl y. ALi yA l»^J>tJ Aj I ^ l t A_^Lg*“ I jJ I 

» I ^ I l.^n ■<■<■) ^ I 


<UL* 




(o-J^-»jJl y) (^jJ Ul jJlJI y£ jLSCsl ^Jl I jiL> 

^^jJl y$ ^^-jJl o ytS ^1 ^o-^l oJ-^J .AjLL*-o Aj^jLj ^1 yA ^^j-^CiwoJl yA AjLs 

ji_)^Jl yA ^lI| A^J_L*-oJ| ^jl J-jJl j ^ jljLoJl ^_L*_3 C A_)j-^>cJl 

o oLjJ j jj L^_> Ja^>cJ c ww>cJl l_> j\J>- y* -j 5 0 J>Ip aJjJ-*-« ( j-^L>cjJlj 

Tom jljjJU y\ j» jJ ip JJJj JlS j . chaperons o IjJ-LoJL L^-yfl-^-> ^-^vJ 
^>s a»Jj>cJ| yS> ^UjJI jl ^\j g-jC>cj j yjy a_^jL>- ^ jJ O’Halloran 

A^S"^ ol jjJ_oJl diijj .5 yJ*~*p *LvJj j jj Jjl jj J _oj UgU^J j-^“^ j- 4 

<L^s>- y - 1 jlSjs ^Jl l^ljJ J ^UjJI o^jLj 5y>-y L^j| 

tl 

c ( —J wX^c_] I I y^ ^ J-*»w-U L»^ jwv^3 j ^ I -~*j I ^ 0hi»^^ » - o»Lwij 

.ajjjLJi o U g ^Jgj>- *y i ^i 

0jL>tg>xJl Oj-JcvgJl (^jJl J y>- A^g-lg-j O yj g-Lu LvSjI t j-Ss^oJl (j-^J 

AjzXaa oLo->Jj| y& o j_& ^*-L~Jl ^3 A_lSjjjj 
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AjLJ^j l) Jdi3 t I i* L-L*dJ 1^3 AjjjL Lj>-L>-j O 

^ilJUbMl ^1>P OlJ j clij ^3>cJ j\ j/ L ^UJN/I ^Jys^3 0^ ^ 

y*y I jl L<oj .a_jjj_>cJ| 


d3Lo->S_£> /^_>3 

ij^ii 


. ^L>-jJ L L-J 




^JLo aJLs Lo^>- Li j-JLSLa jj_£j aJI I jJajj .AdL*~a <LjLj^ 3 jl <LoLwo~^S" 


ojLp j-^->t-a oJ_P /^3 0 Jj>j J Jj>- A_P >L^ jj . Ado,^a a-l^l A^j Ida ^i_P 

. AjlL*jiJ I <d>j Jj 1 ^d) I o dgj A3 LSL oi-o»P 



A_> ^3l ^JL j LLL^jjI J-dl J^_wja_j ‘LoJj 

aS” ^ jJl J C ^j^Jjjl ^3 Aj I A_*^aL><Jl 


David Avnir 
J 3jLi jA 

tLyUl i^U-jJl ol^SJl dJUu IjJujcl^-I Jjj . Sol Gel Technologies 
d-j^Jl (. sol-gel ^>LgJl cJ ^L>-jJl ^J^SLdJ ^^wwvJ ojj Aj^cix^Jl 

^J^LJLJI ^Jl (J^jdJl ^J-<3 L*^-^ V^i-*>~wvw>- d— JJ di ijJji wL) ^ .^*J»-dJl ^3l ^Jl 

A_JLo>cJl A^o^JLlJj ‘ dJjL^ljj cjLLo^ d-~>^Jl ijU^ oe-Lyj ^wLa d— L-^- *y ^ 

Aj^jL A_J>-L>-J & ^-oJl ^-S o ^ . La^J»-P ^j^wO-djL ^j-j>^tdw%w^JJ 

N cdJUi j ^ ^ . dw<0> r *iiv. ] ' A»wO^^Jl ^ 3 L^J LvO^ ' C_»LLj ^jy A J ^ t_ 1 

( /^SLoJ . ^~^0><J I £JS Lj LwO-3" (Js* LdJ 1 ^U-jJ 1 ^3 I Aj J-yfl-* J I dJ Lj Jj>tJ 1 

^3l jJl d^->^Jl ^3 o3jj>- d^LdjjsxJl <1)V L«L^ jjiL) ol ^Jws-dJl iJLfJ 

(jl J dL>cJl loL^ ^JwpLdJl Lyg.j ' ^-Ja^d»o C Ja_A3 jl 'jA>x-) 'y ^^UJl 

j jl ^^wdJl AjU jJl OjjjJ ^j-SjowoJl ^j-*J *ljl 

3 I J-O-LJ ^ 1-La 0 j-a t^JcS'Ljs^Jl di)u ljJd3 A_d_Li_oJl d-»j_>jJl Lai . L/i ■> 1 Ajj? 

. j>z- Jl ^ Lp jl ^_5^1 A^5"jJl 

A^5* s >\^jdo v y 1 

^.3 j_jLJI ^ L_pj L_j j_jld_Jl ^_dJl 4 _^o»_a 1 cj j-^>- jJlaJl (Jj_j>J1 ySjS^ 

C3od>cJ 1 ^<d>s-oJl jl 'yj .^jllllj Jjy/1 ^yX^aJi.) 1 ^3 Aj \Jl J o J3 j C d^Loj ^x5sJ^/l 

L .0wL^*-«oj a_L^j oLw»Jl x^j^y 1 £_Lw*Jl Lv2j1 Jd*j 

^jjj jJl j ^LLJl _9 t wdS"LJL ^jj ^iLwvwoJl ^jjj jJl Gore-Tex ^JoL^jj! ^Ju^jsJL 

^JuJl ^3 ‘Low^wy^’-oJ 1 A^5"jJl 3l ^-o-LJ (_£ ^\ aXos ' y 1 ^jA CjI jJL& A^J j . ^j~J>- LJa.1 1 

. 1 0 L.^ - ^ ^Ul 

C *y_*-3 Ldvj'DLa ^3 AjjjUI AjLldiJ Jw<>JL>c_<>J 1 (J j_*jLoJ 1 AdoLda CjI -L) Jl3 J 

d-^do? jj J .^j-ydJl wd3 j'y 1 ^^d]l ld_A ^Jl J ^ 1 ol>ddoJl Gw2j J 
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4^ l_> I ^s?l j_>cJl j-wwi jl) ^xJl NanoTex 4_S" j-J> L^-va-*-) 

^j*o La £_^> o NanoDry ^ jjLJI L^-^iLa d)I 45” j_JLll ^pJJ 


4^*, <. <. Ja 1 ' l P L ^^* ^ .s ■q.i 1 ' 4j>- 1 j ^ 0^— L)LJl ^ j ww.3 ^ ^ ' 4_*_^S" J I 3l^-^Jl o j_9 

4^L>-I^ e_3l_Jl iwi-b ( J^*_4 j t_5 ji> J • 4 j jJa ^Jlj j-*Jl *wJa-4-l 1 4a- jJoLa 

4jj_)U <oLa cjl ^j-SL^ ^ Ji 4_*/?l_>- 4^/? La c_iLJlj 4X*JLa 4 _j jJ <^~S J 

jJ j_>LJl C-J2-i->c_^J L> L^JLw^w^vJ (1)1 LXjI £-a t^al ^J>cJl 4_L>LjLa 4^_S"3 4 J > S 

.(3 - 6 JiwJl >11) *1 J>\ p\ <1) >L 


l)1 <. <lS J ^xJl o p£]\ 4_LLa^l ^a Lyg-*-> l.s a, 1 1 ^J-v2jaJl lj>& LjIj ‘Xi] 

O^L>C_X»Jl ^3 4_Lwv^>I^J OU>cJCw« (1)1 ^jljJl >vJl ^3 Jl 

(1)1 ^ jjLJl ^-Lw*Jl ^3 ^wwo..>/a.lU J^SLoj Ij 4 j jL>ejJl j ^l»Jl j 4^wJaJl 

ja>u ^1_P 4j Us-eJU^'li 1 J 4 419^ <LoL~o~s5"j 4 _oL^ 3 ^al ja- Cal.} ^1 ^a ^Ja_*_> 

3l.i^j . LxiX-o 4 jUj=- j LjaLoJ>- c L>P 4j2-Ja^Jl ol3l^a>-*>Ll j*-*SLo 

j > js^> d)l >1 (JIjL^w»^J1 3w\_p 

.4-j^LJI ^wJL 


LjL9 jjus 3L)3 


tPJ 1 


>ljl Lwa^j o^LJl ^_ 



. NanoDry ^ jj(JI >_a.a.»»ll : 3 _ 6 JiLill 


.Nano-Tex IS jS\ iii I j» Juu C-— -15I 
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oLl^JI _ 7 


116 4* * oLl^c^gJl B 

118 <L«m. oL1*>c*qJI H 

120 oLl^c^gJl H 

124 SJj^£))[l ■ 


115 



^3 ^ jJl ^L*JaJl jlS” jj Ij J ^Jg.Z*.^J j^e-^ 5 ^3 ^L*Ja a^Lp Jj»o 

L*_Jw« LJl I jp5 JjxJj .wL^voL Ij_> jlS j I Sjl jj>c_U jJ 

jLLw$Jl jLp J^s ^Jl ® JaaxJl cijLjL^o— ^Jl >. iLlSll jl J j^JI a^s! 

# > 

lj J *!>\-vL>o Jj>xJj .(j jjj ^ I jl d)jjj5sJl ^U-l jl 

a_p j-^ 3 A-oljj ^<al ^-«L> jl ^ jLJl> jl AjJJLp ^_Jl (,j^d _/^l jl-S" jj 

J-*-J ^aj^l ^3 o jZ+2*- .Jvoj Ua-^o ISCL^ .^jJl jJLAj jI jl 

t_*J>cj) ol ^15 JJ*xJ J .jUJl ApljjJ Aj jJ Jyg.3 Li aJL~\_>iJ| Jal»P 

oljlSjJI o X& ( J lS" jl .jUa^Jl ^J cii^vu *^ 3 ^j-> jr° **— (U^sl jjC jl 

3 j ^_Lp Jjj oLLa^Jl j .a_>jjIjJI oL^a*c^<>-lJ <LLojl>c_>j oLij-wjaJ 

LJ~o_P 3 . i-A^olJLo J_j w\j>sJ ( Jj AiLj>J t Aj j^J>- J Ajj*-a 


il ^j>- ^.Ja.*^ C 


Aj ojIj 


jjU ( y* ^-3 j-**» 


l $ 1 . / 2 >sl 


<y 


.(Jj*iM j»liJl ^3 ‘Ui^Ji’Vl CjLpIw?j *u>t .io''\ 4j I p jJI 

sensor d*Ji£Jl ^ ^Ul ■» a _y> jcL> Uj .,jiaj -ti La-* ctjJb>-l oLl^Jl jl 

Star lj._ <Jl i _j_~~JL™o Jp Mr. Spock dlL* ^Jl s yu (J-^>J> ^ 1 ) 

SJliL> l y> Jjl cJujJLA JJii .dJJS j-a JLs I c~~J sensor 5_<JLS^Jl j Trek 

L^i^jyj c 1958 j»Lp ^ New Scientist c. ~^l— - ^-> ^Jb o 

jl] idLjd L^-LJ jl LULLS’ ^-> 3 - ojLJM 0 L^_j l_j )) 3j jjL^5”I 

jl] SjLoJl j*->c^-oJl ^J^2J o t ^Jl jJl ^3 .((I 4 J kw^-w>cJL^vJ 

I w\_3 A»w 0 ^.^t_ll ^ I ^ d .". *~T ^ ^ 3 k — ^ I +-A^> I ^ C [a^J 

.oJjli j A^O^I ^«ld> 6 ^Jl O^U^J 

4« * < -1^)1 AjjjUI C^Lwm^c^JI 

oL1j>c^j A_ljLol jli t^j-ojjjJl 4jl_jJl j ^J-*-ll o s yL>t>j j-~-> jl j& 

^3 ^Lwo-aVI A^JL; oLl>^Jlj .Aj^j>«J| (^^Jl jLjjo'yi A_«_^*(|j ^ ^_jLJ| ^j-^*-ll 
^ 2 ji_*/ 2 _^ji j->-ij j-fe ^ j-^-'yi oL^ ^jl^j i j_^ij-iJij c oNu^-'yi 

O j_v^J I j ojjJj>cJl L^_L>j <uLLla*c _>5 j^ 2 j ol jU^I ^ Ja 7 .oL*j>cJJ A_jj ^d>c_^Jl 
ojl ^j>cJl ^-^vwJa_L*_^j j^_S” ^v 2 j l j, .; I j ^ la, 7 jl t ^vwo-Ulj A^cJl jJlj 

aJL>- ^3 Lo-5" t 1^3 ^ J_p^s ol jU.^1 o -L a < m JL^S ojJ-LoJlj . g- J^.ll J 

^Jl Aj>c_jI jJl A-^_} j^sJl A<Jo j^SdJl 3l ^-o-ll s aJ^S aJL>- ^3 1^5* C A_jj J J-^ 3 *• J J-l^-^-ll 

.JjluJl Jl ^J^JI ^ycJaJl jUJl Jl ^JUaJ 
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O yj\ o$yS>- j— oJl ‘O-w*’ l— « j>J I A_x_JL-_ll Aj j_j LxJl ol—j_>c_oJl jj 

i ol ^jjix-Jj A^g*- IgjUJ ‘l^js j/ I OwLj wLJj c t. >j\_Sj I L**? j-y 2 ->- j c oUl 

olJjgj^jJl jl c v .>jlS\Jl ^-JxJl UJ aj^&jj>cJ| a^J'VIj .^Ul Lg_> -Xp Lj ^xJl 

O^xjJl ^3 .^Xjjg>Jl 0 ^_x_xJ| t ol ^-JLg-Jl ^JLp j/ 1 AxJLJl 

i <3j>\ ^-JxJl <u>jL>- <uXj o3j^>-^oJl <. A^Jojl oUo^g-jl (J 15 w>1 y^oJ l ^jjy > jl 

(o jLSNl oLx_)jg>- jLSwl col^JX^Jl ^jOg^Jl o*>LJ2JOw« ^3 jl t ^_L5sJl 

^»lxxJl ^1 p l)^° ]g .«-« ) 1^ .l^g- j-k^. ^1 p AXg»siJxJl ^£?li>- Ag >- jj jJ 

jl ^^>cj aJL>cJI oj_& ^3 ^IxjLJI jl *y | (. JuLiJl ^jSLs» ^buLoJl ^JcSjxi yy\ y y& 
. 4j>cJa_^o ^lp <UjL> ^^^Jl 0>jj>e_JxJJ Lv^jl ^^>c-ygJl ^j^xJl^ ^+>r.*/3.]\ ^|5jxJ I aJ i) 




<XxjI 


olilkJl ^-oLi» ota (JL&3*}AJ 


Ul 0 j_A 


jr* 


^LoUl C-j2-JXx5sj ^ Lgjj ^jgJ ^JoJg>cJl O^-xxU ^ya3 1 jjjXoJ j j^\j (jl ^.ilXjjJl 

j jS C3) ^-J>c_v2Jl ^IXjL^Jl OjoS" Lg_)lj dlgJ j\p^/ Lyg.J I J.*J2S >- 1 If- £*Xu lV ^ ■^ a -A3 
.(oj L*il_ ^lgx_>j ^IXjjjl ^gLJXSj ^- J 'y Aj»x3 0 *L~j>c>j dUjj 

oULj>e_>j ^_Lp f-L^g^'yi ^JLp OoJXx_> t^jLwow^5vJl I (. uL> ^Jlj 

I *_->j_p^J oLJl Jljjlj ^iSo jJ^I ^gljJ-J 

0 j-&j^ I jl A3 J jJ I AO> ^3 ^jy>- oLlu>c^ . L^-lsUg jwU/2^J jioJ 

oL>ol ^Jl j L aXj jlJ 1^3 A^J^>cJl cli-j jj>tXjl A^Xj ^Jl ojLjj ^ia-^X3 c ^vwo^xJl ^ ^ 

-b^<Jl (J j_Aj k i j . LgJwd A3 LlgJl IwXj^o ^%wo-*xJl A^3 A^>- 1 jJ 

j c O j_vaJl ^^vw>txJ jl^l CjUI j-vg>xJl .^*>txJl J-*^_aJ| ^3 

ji_L> jj . Jg-^-yg-l I |J1 jI iJIJ I cjj A-w-jL>“ jg ^Jgj>- jJLo-wAl'yi (^wXj 

.oL?>jJ ^La 1^_3c^oj>-j t ollil f-Lji'yi 

A^>“jjJl 2 j |%Jlp ^^3 ^xJl oLjg»t^Jl jl C-^Xj J-^J 

^xJl jXlj ^ A^^wJgJl I4JI jjixS" ^^LwoJl ^j-vj 2 j ^lp ^ jJC tA-wo-A^yi ^y* 

^_L^o ^_9 oLLx^Jl .A-JL>cJl 0 j-^-_Sjll a^-x x .s^> 1 1 L^Jl jj>-I L^-Jlp ^ j_5J 

jl t «Lo-^^>cJl S3L0JJ A^jjj^jjl ^jy^l j->tJ I o^lp 0 CjL-^LjoJl 

^Jw^-xJ t JltJl .OwLixga A^jj ^x5j| jl A^Ss-oLSwj oJ_^j>-I 

^jL^xJl l-A»f ^ C ^|«j j»sj I ^ ) l^^^c-1 1 3w\—^»j| 0 ^ I I Aj>-j^ 

O-*— J j .ol jL*Jl jJglJ j I ^jLwvJ ajj ^5js *A^Sjo I5j^ j jjx5j| oL« ^Jg_x» 

Ai_^*> jJ^I jJg t ^->^1 30>jJl t Ajj ^ 5jJl ^Jx5sJ^/l 0L0 ^JgJwoJl 

jiJj ULp k b j^j ajjjUI ol-jg>c_x>Jl jli I jJ jgLxJl ^-L^Jl ^Jl L^-LaxJ 
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I y>- j I C ^ jjLJI ^JLxJl ^3 tA-*_3 Oj <L j_^>cJl Oljj ^v~*Jl 

^ ^ ^LLjl ^i_P w\woJL*_i <Lol _>^^3 ^yp\ y 2 *- ^1 ilLo IS^-J I <L*J>- ] CJLa 

c^Ll-_>t^Jl 0-^wJ ajjjLJI cjLI^c^JI d)l .iiljjfc -L > jj 

^S\j ^-) g-L%-J*>! ^1_P 1 oj^li (1) i 3 ^-w<j b^_>l ^ <l5Low<>Jl 

.0 I l— *-*J Ij2^q«J I bw»»^c^«J l. ^mJ3 i«.iv>iS* I ^i^® 


3 


IJJ ■ 


^ LJ Ui 



<Lh ^> jJLoJlj o j~J*,.«, 0 .\\ oLu^>Jl O LJ>e-«j t ^-vvwJaJJoj j-g-SvJl t. 

oL1w>e_^j t (^j^«L>Jl ( JwvfiJlJl ^3 LkljLLslJ ^Jl obu j-o-bJ 4_^_i LJLoJ I ) ^->c_>cJl 

.Ajj ^> cJl OL j^JJl 


4 ™JaJj^o j-g-SsJl oL«^*Jl 

4_3 LkJJ 4_*_*_va (j£ I <—> LJJ I I j_A ^_3 ^ )) ^ 5 L J-ygJj 

oUxJL ‘Lv?_a>c_LoJ ! Ls LiaJl ^^>5 UtAJajli . <L>- j^oJLS” ^_*UUJ ' LoL 

^oJl g- j). yaJl j *1 ^o->cJl C^>->tj lj j_ol jJl ^1 *lJL*J 1 oLiUaJl 

4_*_Jo'yij (^ j-3 t j-o-2*“^/l 1) j-Jl jj- 0 ^LowoJl 

<—i_L_>cJ I jj J C 0 j^S*SS~a J^-*-*/ 3 cL-J>- ^j-A j_g_3 O y*yt2.) 1 L>! .4»Jww»Jl 

.4»£jLJLo <uL jJaj ^j-s^^>cJo AjI t ^-wv^Jal^>Jj^5sJl *}\J3 


I^JlLlJ {_y*J t ^jL>^_3 i^_ 3 ^JaJ £ L_v%wJa_L*_>j ^_g_SJl 0>LJ>c_xJl Ja-^J 
L^)L>Jl cLLL ^ jAj . i. ) j j& ^o- jl I Lo ^- 5 sJl Lt>b>cJl 

. ^L^a^oJl ^Jl g-L ^J-w 3 ojL>»| LajL^*> ^Jj>c-a ^ 


(_£jL>cJl d^->c_Jl jj\ g-LiX 3 1 ^ ^jLJl ^3 ( - ^ vu>c ^ 5 ^-laJl] 

4_o l_j*^\J>- j_j jJaJ ^j_v^L>cJ| ^JwvajiJl ^3 ljw^3lJ wLaJ j . 1 U UaJ I J»J 
l ^ j aw^»wJ 1 g- j-s^ 3 bab<2-J^/ ^Jwwwo 1»*£ ^ I c_JwLj ^-^3 4»o b%^o«-vS" ^ ^ ^ 

^3 4_)^J ll ^Jl Ijj ^x5vJ| g- j-yflj OjlLoJl Cjlj-)^>cJl <L~J>- 

dJUu oJl^-I j JL^jl^I 1)1 .^j-oLljl ]1 wLw^m_S”I J^r 5 U-" J - 51 - 1 

w\_3 c_) ^ I 0^ *' A* I —X-O ja,< * .Vi ) g-^-s^2_i-l A»0 I V »>* i ^ ^ ^ C->J I 

c_) ^ ^J.^i c w\-^^S” I t bo ^ 

L^S" jJ i L^>- _^oJl 4 jw>c-djl 3 Uo^L 4 JL 3 Ua cjJ 4 »^>-jlj>- Sjl 3 j^-P 
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L^_>l IjwoJp aI j Au j+Js )1 OjJj bl i ^ ^g*-l CjLoJ-SL .A3*>\i2j| jlSjj ^3 

.I^Jp A yp iiLw- 13 


jJfc t Lo o2y>-j iisL^o c a ^. il oLl>u> ^jJ! Jy*J 

^y yP^\ y y*pS , Jl ^3 . y y+psJ] J |*Jp A^lp ^ jll (^^jLJl A -s<g ) ' 
^o ^jLwo-^S" ^JpLaJ (* j-yaJl AilJg (_£ l) CjL jJ yA Jl y_3 jJLoJl Ay2JlJl ^Jp 

L^3 ^J-P 0 5yJ>- ^-oJl A^jy > cJL>^w<>J ' O-iLoJl o3^J>- ^_oJl A *.p A I ' ^jl y~* 

j j_S\Jo ) A_)j_jU <L^23 CjLp yo -> =-° j j-SbJ L*_^j A-LlaJI jl ^>_> cJoj .j_)j_y2jJl 
* j_ygJl o ^i_5s_} Lo_> 3^5 ^t-wv2jJ (oIjS /*“> J ,*h-® O^Lp l £ Iffl , 


cr* 


^<g| jj’^Jl y-*-j jl c j- 3 *-! o j-a .^Ja-wvJl ^Jp aL j-~- jJ-o IJJj t AJglJLlJl 


J 


. La> ^J^p LaJ I ca^UI aJLLU <u^»&'yi ^JLJI <. ^*>LLoJl 


I^JI 


Jl 


A_*_Jj^ll j»*>bl 






l y*jL> LJLp Li-L ^-L*/2_j) 3j^ ^-w^Jl LAJjJ I j_>- A^_)LJb« y~*^ 

^JysL*Jl ^JpLaL) jl jP aLL^wO yP jJJa^oJU *(j-J j-yAdJl ^^Lsl £_Ly2-J ^Jl cjLS" ^^J l 

(J jJg ^£2 A j_v2Jl t AvSLaJI j_& t^j-pVl ^J-P Jlj j° (_£ LJlj t Lo j_y2 (JULaJI 

5 y^-A 2-3 A j-vkJl oL>- jP (Jl ^Jg| j J-5sJ A^wwwJl A*_J^I aJL>- .^L*!)boJl Ag- ^_oJl 
c-i-j jjj j .i J jjgi j *i Ji c^»>cj A_?<_jj'yi aJl>- c iw\_>- 

Ajjjj>t,oJl A j_v2_)l ^1 j-jlj jl jJM) ^S* ^P «Ljj>- j»j-L J-s^ 3 

. <»_^-wAf IjwoJ I j ^-Ul 

tolji jl o j s-aJ| ^Jg — wo ^_Lp O^yy ^<>Jl dg jl^>c^oJ I j^_^Jo 

^<>_>tj aJL> ^J g ^3 ^j-*> y^~^ y**- 1 (_5^^* I i£y^ Smi *' 3 J 

4_aJjL>c-a A_Aj ^ 2-J Jg-^-ygJl jl O j_vaJ| ^j^^g*sJL!3 CjLj j-ij j-SjoJl L«l . A-yg-A-1 1 ol> 

IJ-&J C CJ ^-vg jl J ^\ y a*y L^yg A_^tp I < flJljo . I-L>- 

dg l_) ^-yg-1 A-yg j-JO jI^^a'VL) 1-AjLjp Jj=-L I Ai^JgJl ^j-*»l^ IwLwO y*JL> y& 

.LyAjI 0 j_& AAj jJgJl ^-vyAL) LJbl ^3 Aj j-^J-^I L>*)b-sJl C ^il jJl .A^>-jL>- 

cOjy2 Jl jio-J ^^1 A^g>-jL>J| JgJcygJl Ag- jiVl ^ A LlP 

j| . AoLwOwbL I CjIjLL^JI ya J_L*jJl 3JbJLJ> AP yo. J>cys jj y f-Ll*Jl (S^ytJ 

A-j_)^g-cJ I oljLL^M ^Jp ^ j-aj ao. 5 j^Jl ^J*)Lwj| wL^a^jJI -b wLJo ^vj>c^ j^'yi 

ol jLLI ^Jl aLLw^JI y3 jI^jlaI LiUg ya AiLLJl (J y>xJjj t j_>- ^Jl 

.^lojJl J Aol^o-b" j^S" 
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^5 Jw* jcJJ jj^l j^_SsJl olj~^>c_x>Jl ^.Jg.*^a jl ^Jl I j^2->J 

^1 JJ 'y I j^wX-yg-J I wL«JL*_J I jlo L& j li <L^Sl J I 4_>J_)U Ol> J_4 

c-*-^J Lgj^SvJ i 4_j ^jLJI aJLaxJI y» I jsSj* I *y>~ Lg_>l .oL^>&^>Jl y* ^ y*-*)!] 

. OS' o J j jj>Jl 4 _>jjUJ1 a^Jw^JI ajj-s^cJI oL^>t*Jl 


> C 0 j»^j I 1 ’•jg ^ —»* 3 ^ * -^ I -I *ii-i-. -I I 

.<Ulx>s oL j y>- y c ^sUbJl j CjL-Jj I 4j j-^>- oil jJ^SsJ 

4_*jl_jJl ^ ^JaJl ^Jj>-Ij c cjIJ ^ w%5\Jl dUJ c-jLis5C] <Lp J jl jJg <L^-Ja.ll 

jLso^M ty^j~*~*t . 43 ^JL^Jl 4^ww^l_^vu>cJl L^_i_p ^ ^JL> dU-j 

I jJ y* L^J jjLo l (<LoLx_» ^-wvw>cJl L^jjg-J 4 jlJaJ <oja J ) L^vJ>cJ I ^JL> oLoJ 
j . 4_o U O j ^ Jg 4 ^^L^>cJJ o j_JLoJ 1 o^Ljl J-woJ Cj 1 3 L yfl-» 

j\Jgjj 4_^2w»t_^Jl oL-J j ^_Jl J-JwL>cjJ ^Jo^j>tJl ^_3 oI^Lv2_oJ| 

^Ikp J5jJ> ^^Jlp J^i ci^Jl histamine 

( J^w^9 ^jJl ® j-w-SjJl ^-1-Jl ^_Lp oj-t-^-oJl o J_A jj . jLJLP J 4_Sj>-j 

. V 1 4*Jl> ^lp ^g j^J>tJl jl CjL-Jj ^jl 

Cr^ mJ ^ ^ Jl ^3 <U*_>J_3 4_15ww« j»jJl ^_3 j_5wJl 

y L I w\_]^ C ^ 1 ^3 I ^_9 ^% — I I ^ j*A 

\jj>- 4^JLp cjL> tliJj c-^>c-^s^»l .1 j^S" IJjLaj jJ ^»w\Jl ^5 w ^ 

^oLs^oJl ‘wo^fo t LJL>- .^_^jLc>sJ IwbwL^j gA5wi (. Ijj>- 4 _v2jL>cJw^ jl 

(Jwt^o-) j\ <• ^y 3 I j^j>t^vo oi (^ j5wJl ^>s I ^jjJL 

1 ]g ) j I ^ ^ i^O ^y *+~****^X—) ^ . L ^ -s 3 I w\_) C ^ ^ 1— P i 

jl j^fl jr^ c 

^JaJLwJ ^-^>cJl ^3 Juli ^Ja-ww^u oJ-^j>cJ ^^il ^jj \ ^JaJl jiJj ya Ul 

ya J^-l j l^-Aj .^jJl ^3 j j5 j_LiJl ^ jSLa^a j-oJL^a jJ>c-) ^i_Pj LoLiJj 

Aj j_j jJl AjLajJI ‘U-lg-^J jJ j (. ^jLwOw^SsJl ( ^wjw>*cjJl 4_^>-| jJ I ^ jS^\ CjL>Jj>cJJ| 

.^La^fl <1 jLa A^3^ 

jl ^jl-Jl ^JaLw>u lwb>- U^.1 J ^yi>t>s j^^> jl IjwUl 

^j_P Ljwij>cj c ^vw«L>cJl ^|,.«, < g.tf.ll ^_3 UjJLj <L^*ijj>tJl LlJLsLj LaJJ-P . ^.-Ja.1 1 y~j>rLj 

a L> ialo J^/I j>J_P j 4 J oJLo Ja_> JaLojjU jjJl A-JoLi (^1 t ^j-^>c_^jjl 
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t CGCGTTC oli LoJ lil t JUlJI J™- Jlp .y\ 

IS \j^\j Uaj^-i jl Jsu 11* GCGCAAG. Jajj^LlI JL^L 3JS J*i luSjj 
JuS” jl jj> 4096 l£ jl /^-Ss^ow) t j\Jia c ^vwwj <!>»*< 

I A-w^lwL^ <~— IjJj t Tj G j C j A oL^Lvv-a <*_>jl ^»>L^I 

jlS ISI <u! dDS y* £ju_> ^u-J 4x 4 x 4 x 4 x 4 x 4 dJJcuJ jl 

c <ij j_*_3 Lo <L^vj~w*f t j\ y, JJLp j jl (J^—- 3 jr 4 ^ j"-’*"'* t — 

15 J 10 yj L« ^i-P ^ ^3>o ^ jJJj IJjJl <U-^J-*^< ^a yj*^t? £_k<a ^|j_g_l*>il ,jSla| 

4^<)woJLa <LJwJ 4-k-^l j_j Lkg- ^1 jj3 C wL^>- J j_>*u ^-L-P ^ Lw-Lw-I 

^j-a 4-J^y ^39 ^o-U UJLJI jw2j LjL^>-I <U_lJ| 0 j_A .ia_» yLS\ <LoL>j *LoJ jLa 

4_L^m_L^> JLo^JL^I y^j>- JJo^Jl -Lj ^.5 Lkg*- i, ,lSjjl j_Lo-P I 

ya |jj>-lj Uaj>cJl (jLoJi>-l ^jLo L-aL-al 15 Ja_» <J L>- ^3 .L^s^u <L>^Jg 

.0jLjj»-! ^JwygJ>Q kj y a jLkjl 

L^J Lo-*jLw*i I jLSLaj ^3 ^0.5^3 ^LoJik j\J ojUl UwUl oL^-JaJ ^iS"l La I 

4jj ^ 5kJl jjL>c^oJl ji-LJ 4>J»jj>ijJl oLlSLaj/l jU>-*Ji^Lj .<L>o^j> ^Lp j-jr^jl 
C3lJlSL)J <>e_> ^L p jLli>-l oL«>ta Owlp I ^j*a j v 3 j_«u 4jLslS\Jl 

^3 J_>- j_> 4_jLijL>c_3 ^3?| ^-aLj <Jw*39 Ol^ ^-*Z\ jJ>- j\ oL J ( j^ (^JJ-^Jl 
jl <v*-sJg <aL-a ^1 j-a 3jJ>-J Lv^jI ^jl j-jJl oj_& jU>-^Lw-l ^5vo-)J .^_*^3>sJl 

JS jj/l LJI ^1 ci^I .oL^Jl j:Ua ^ 

IJ 3 cjLo-v 2 _i 4jj-3>cJI ^jI ^-* jJl (JLo-*jLw*<I <uli j-j^Jl genoin 

.^ 39 ! ^al iS^J^ jl <-J ^yS* L^jI <LL*-a CjLwJj y> O Lo-yflJ jl <11*35 

Olj j_lj>“l I j j3>c_) j <jl_Pj I^_4 _Lo jl <JL>- ^3 t j_j jJl 3 1 j_9^AJ ^c_3o I j 

DNA LJJlJI jl t^JUcuJl GjJI .^^LpI 

J 35 ,jSL^j ^ y^ <jV ^j^Jl ^^.kll LsJla t ^sequencing 

<Aj jJaJl j j_Xj v 3 J_^ jjjl oL1v3>c 35 jl ^-^1 J-^l jr°J ^ l^3J- <a-Ljla oLv 2 -j-x_llj 

.^wi>tiJl I <^j>-I ( owL.3>-^Jl L^_L*J^) ^lloJl 

k-w%ol . U jJl e_3 yJ ^y» wLoll^J C3L1v_>c_> 5 k/g j I ^j-SCo-oJl 

. yZj>U> t^3 ^ jJl j^_L>C3>Jl ^3 ^JuL>C 3>-1J ^ od 0 Lj 3 k_> JU-^L dJ j^v3>C3>J I 


^j.1) Aolj Cj\jl*£3. Jl jS" OjUj G 3>U-j-l CIjLc- y**£- (’i^) 

.(^->- jXil) IjjJl G3 1 -LJulS” y . J I ojj O&’ iO 
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O Ij 3 j-w* I L^jU o3j^>- ^-^- >c -^^ 0. 


.1 II 


^Jcv2j>- jJS <jl Ai ^*-a <jl .aLU^JI ^jj>-j ^^>c_^jJl (J dSj^j 

oj_£j>-! j j3 ^*a ajLp L yg- oJ ' Ak aj^j ^*-«-kjL«,<w.> ^ ^j>cJ» 3 » tA.-^..^ Ldd 
^j-a .A_LlS\J| A.k_wd oLp (J yPJ>- J_}J_>sJ IdJj . ~LJL*jJ I 0 -LjwLJ^ 

<jj_J C 03 j_^LoJ| A_k A_ldS" di-Ido-) A_4_P Lyfl-oJ I A_k cl)l ^Jl 

^-jj ^J^S” d)j^ L)^/ t o y^pp jLjl^-'VI cj L5" I 3 J I ^_JLS" j -j-^1 d—wv^-J d— >LS" 

1/1000000000000000000000 j_>«_) jl -Lp-Ij djj ^ddL) ^ ( j-*»L^I 

<jLi IdJ .aJ j) ^ j o ^^L a-j <1)1 j-*— s^l jldiLa !d_&j .^1 j_*_Jl 

^d>- ^pljLa ^w^>g, ■v^’ j L)jJl ^^vsj>o ^3 ^ j_*5sJl oL j-^-ya.11 


Aj yt*P +. 1 ' 1 y***XJ L -S ] ' l wl— & ^J--«A^Cj l ^ wt^" | ^ • A^ 1 ^ ‘ -^ h Q 

A_i_k ^_L_k_*/2_oJ I ) LldJlj A_-S__l « — <> J 1 Oj_»Ul »w— &2J| j\ A_y?_j3_] 1 .klJsjJ 

Ld*ldp j^>c-4 j jJddJ o^jjjj ^yS 3 LU jLS" Ji j /"'/((functionalized 

yXj j£ J, j) Aj j,p.A 1 ^Jwn-P L iLoJl ^j-o La ^o->cJl ^3 l-^ljj L) ^d-a jdj^j ^Lp- (^w\J 

LjJL .kLj j^M) ^^J^nJl d^dJl J ( AdS> dJl d*)LxSLJl y* LLa yXJ £js c_^djl (1) jJ 
.A^Lo^Jl ^jldJl ^J2^J ^a ^k 1 _ 7 ^J^dJl (^^J .(^-odoJl 

J-wo-j Ajj-jLJ! -1?LaLi A^_L*woJ 1 Aj^L^V 1 IJjJl aJs? < (Ld5sJL>j 

> 

^3 (, JjLdJ Aj^LJI kw^dJl CjI jS ^Jw*->o ld_A j t A3 wL^JdvwoJ 1 LjJI aJj? I ^*w>c^>Jl 

y-XJ .t. <> j-*iwoJl ^U-jJl ^3 ^Jcv2J>o La jl ^j-Lp C L^j jJ y-Xj J l^do La 

colorimetric sensors jJJl J-JodJl oLl^a oLL>^<Jl ojus> J j jJJl 
^jJ 4_P^_^sx-a Cl o j_*X>L»a l ^ „ ] j j)a\ S lj l^_>tjljo J_>-1 

^jl j-^J CAj jJaJI oj_A .(^-Aj jJaJJ jjadl l) 4-*-°^“ 

vO l I f 1 1 


.UjlII 




aLw5 


a* 


tj jJ c IjjJl i. ul>- i jAJl J3->cJl cijLaL>caoJ 

jli 3 jLdo j A_P j^>j>c-a d«-L<>-xJd*j 1 Ji J . (_£ d3 Lj^>- < iLdS\J AowL*-a Aj^jL J^Lij 

> 

ol^^Jl ^AjJL a_pL 1?.1I jyLw- jJj jJ A_*_aL>- Richard VanDuyne 

.^1 jJl ^Jcygj3.)l ^3 oldL^L LoJ L5ij J^Laj AjjjLJI 


jd.1) ^il dl jJl <p j^>dl Ail_s3| (i|f ) 
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a ^ ^3 y* ^Ap l > tj j^t Adu ap j^j>^J! dbLip^ 

C-*-^>tj J^Loj^yi ^3 ^wo-v^j . Aj j_j Id) I i^-kJJl dJ Lo— wv^>o ( 3 Ly^dJ 1 ^-«^>cJl ^J~w%3 
d^ L»-^-^w>cJ I Jalj jl jl J& ^lp (LoLwO~b Aj Jad)^j (_£ I ) Id*-* LdJj jJ *}\-L>sy« t^_3^*d> 

^3 4_LL>c^Jl o^LJl JaJ L>_dp-j ^Jl aj ^_^> cJl ^Jl^Ij-^JIj oL/LoJI 

A_la_adU doLjJ^aJlj doLw^w^SCJl AJdJl j—*-> 13 _&j t ^_3^_*dJl £_i j-o-> Js2-o jJ (J ^_L>c-^ 
oJ-A j c ^5vo^s ^IdJl 1 j-A ^Li jj .Ji^>- *>U3 IgJjJ ^yjl dJfcjJI 

^-JaJdvJ jj I A_> j_jLJ| JaUdJl ciiij d)l ^j->j3 <l)li ^j-o di J l 1 Jj>- dJlp djjJaJl 

. dl*-« A_LL>os 3 I ya \ya 3 *)Lx3 



Ui Jajl J Li- -M J 


L*-a j ^Ul ^-*»L3 o~^" ^ ^%-**» *1 — 7 ^J^-dJI 

(j j\j Jal^Jl .(4-113-I oJjfc ^3 AddM 0 j»*jM) OJ^Jl UjJL JaLujVl d^»>" 

LJjJl oj^yaJl ^3 J^3j (j j^P 

.Mirkin Group, Northwestern University '. dil ya Jju c,— dsl 


(1) j5\J ^S” AjI ^_g_3 e-^d ( J3J ^_^3l 1^-^ Aj ^jlj oL^o £_w2 J"*"^ 

L» ^J^>dvM-<>Jl yA c UdJl aJL>- ^3 .AjiSlj d>L>t->| ^5Lo ^l2_*J ^ 1 d->o 0 wL_d3 
t^_3 wL^JLwvwoJ 1 *(£j > sJl ^j-Sv_> ^ l^ 3 -^-i <1)1 J ^J-v22J>C_> (1)1 

.l J -d_S’ JJLpI AJiiCjdJl d^Jl-5 ol y^JaZ^ c_i-dlS" <^Ld 03jl lil J-SnJ .b J_^- J-^J 
^3 A^jLd> c djl ^xjidJl ^.Ja.^ ^3 a 5 ^LlJl Adj^a-cJl dalp 1 j c dal ^dJli 
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cl)l c o ^ I ^ ^UJi l ^ * .a^ c ^\ 

iS J^H yA2->*-S> J5 cjLi ^{Sj^T .(jLwso^fl *p>- ^3 -L>- jJ 

ojufe ^Jlp ^_iLLJ*>\J cu^Jl ^a <Uj . A_Lj-3 ^J^oj>&_> A_j LS"j J-Lo V 3 j_-a A_*/2J>ti 

.Aj*jLJLJ| <il>c^Jl ^1 j-oJl yA La j-P ^3j CjI ^3 aISLJLoJI 

jz£jy i 

^Jjy>z]\ c_3^*jJl (J L>»*JL-a \j Aj j_^>cJl e_i ^JwoP < ^ 3 -^ ^Jl LJ^laj 

jS\ jU )' I* aJ*yi aJL>- ^3 La| .^'LajJl A^-yflp OjLJaJ (jL-ajj <£*}* 

j-o-J j_Jl LoJw^>-j . a-L j-^_^Jl ^JJLo j-o-J yj yJ* ^AjVI £-LjL*JJ L P j-vJa ^Ju-L> 

v 4^1 ^3j .tA-J-3 A-jL j^£S\ A^-LsLj j^aSj ^jL>c-Jl j^JaJl ^3 *-a e-^Jj>- 

^j-P>-J C < > L_L2_3l ^j - 0 ^ Cj! ^OwJ yj j\ C ^j| j_-Lp j_> ^_JLL> ^JJ ^-SsJ^/l 

<-3 y-^> ( CP 1 J I ^0 j-o- J j^-Jl ^^Lp L-^-H— a k — "■ -’^-i-la-xjl I £—*j2yj 

4-*— si? L)J .<U-L>o> <oLa ( J^\j < W?L>- OJj>c-a aJL jllJ aLL*>j J^L-a ^i A^i^UJl ^p*" 

neural <Lo y**/?*J 1 c^LSwxJl ^wj La ^Lp ^ jJl> Lgj *y ^LoJiA*yj o ^La ^-aJLSDI I -La 
^ j_j^wL>c-a jlJ j <x^j>- ojLIM ^Ja_*-j t-_3 j — *j ^j^-^c-a ^|5" <1)1 ^_a o j-SL&Jlj . nets 
Ij-^J . J-*3 ^a ^| If-O-^ I 0-LoJl^oJl t-Hj| jL-Ai^y I Aa>J|JL Lo-Aj^-g-i? -L*j OIjjLaj 

. ^jS>zj < 4 j Jjo Lo-S" LaLoJ ^ ^ o j-\J^ iSjJ yA OySLi' i 

./t-LxIj ^JuilaJl (jli |j6” 4 j>*jIj L^l ‘L-J>uj Lo Aj>cj\j ^P <La| ^J^LL? (J L-vO LoJ— >- 

«LjjJj>cJ| (J ^^a 4_P y-s*J>c-x>J ^y J V 0 _> V 1 Lj L>cJL-a I J_j-L>sJL>J 

LaJJp t JJJwP>- .La <LLL>c_» o^La 4^j>-ljJ I A— jL> ^_g_SLJl OjL-t^l -L) -L>sJ IjJ-SCo-j 

LuSLo-J C 4 »Aj jJaJl ^j^wAA -1 <^-^>sJL-vJ A^jL) A^ a jJg_LoJ ' ^_3 j j^-a j—P jL>o 

<LuL j-g_^Jl <l)i ^ j-L?-> J ,02yJ>- y-A A_L_L>i^<jJ| O^LoJl (jl ^LL^JL-a^ I 

^j-o LwA L*_L?Laj Jj>*_> Loli A-o j ^5vJ^/l t-_3 ^LoLa ^A A_> ^-o-J j-Jl oLsj^j>c_1J 
.A-jjjj>cJl oLJj (_£ 1 <. aJLJI L-*-w^I oLL->c_<>Jl 

^Jww«_3 \jA f-LowwaLj) a-jj Li yj\ LJL>- ^ ajjL^-cJ oLS” o jp a_^j 
o^jj>- a^3 I a>sL-%JI oljLiJl c-i-L^y L^j-a oLa^JgjJ (Cyrano 

.a™U| j Lj Jp V I s-l 

C_3 y*A J L*_> C A-w-aL) aS " yA y yi Lj Lp yJ& y C ^L*LsJ Lww-J^ 

Aju L*-oJl A3 jS' ^3 o'yUJlj jA ^ 1 ^-Lp ^jj^U ^LJjs'yi A— 3 i)ySy 

J_) lo-^j I 4 J (^1 y>\j-C-^\ J-J^L) tiijj J Ijjj 


124 


jjj .A*0 ^ Ly2_>l 4-s^ j-o~oJl Jwfll jjJl ( j^*^>cJo 

. Nanosphere Inc ixJ»L)l iSyJl yC^sS o jjjj ^ »■. ^ *.!%«■ 1 ' i, - ^ - I ' 

Jl oLjs jsj J Lo-*jc_*j L j .ajj-s>cJI oL*1j>i^>JI y> yj olwL yJl 

jLjj>-l £y*»l jj LalS LaLl^U ^yJl Lg +^A> UjJI aJL U a^o-i y ys>c^\ 
ol jL^Ml y* <P j^oJ >t-a jj j-laJo jLajJL L>-Aj C ■CU^>cJ I o j^*j>sJ| c_i_JLSj ^Jl_*Jl ^3 
l_^jb>ti_La J_>jia_j y Lo-gJLS" lilj .jJ_>Vl l^_Laj c ^ jJ^^I y>l y*>LJ 
c_3l ^*a ' (1) ^ w\_P L^syj I ^_3 ^»w*j A»J^j/l ^oUJl) o^) ^JLoJl 

i-3 Ly aj .yi-yoJl j ± j -*-* *« oL>o jl obL*Jl ^3 cJjLJl oljLcj*-^ I ^vojf- ^i»P 

<Lj y^-> ^SlSS (j ySSyJL) i^_3 ^jyo'yi (Sj^J {J-L-*>Jl j> dUi 

a_> yj>d\ oLls^>c^Jl <cLal5Co-jj .j^5l aJ iJjlsoJl ol>L j jAI 

wC^A«0^ C ( ^ J l^—J L) ^ *J I J L"—^.^ - I y-*A S' 1 y>-\ ^ L ^ -Lp ^ ^-Qwy^ 

ol jL^J^Ml ya NwCj 4_jLLi^c_>s y?l j-aV oJ_>-lj o j) L? >- ^_3 oljL-li>-l 

bjj .LJL>- y y>^ L>^j La ^p j t^LScJlj a* j?>Jl j wUSsJl v ^L^jJl j a_o 1 jiVl 

> # 

jlj5jlj tw^-l5vJl *IjJ jLeS-l ^L?xjI ya Lo jlxSvoJo c_3 j-wu Lo-^_}li JajSxJl U,^ a)L>- 
t^L> ( j-a A_^Jj j-a yJL>^-) y+^2 A>JLa» (^$^1 t '- :: r'^- >c -^^ (j-^ 5 ( j^3-L>sJlU 

^yj Laj^s-p j Nanosphere IS jJA} y£~*~t oULijJl oJu^ .J^Ly^^/l 

I yj^/l oljLd^-l jl AjyUl aJLaiJI ^.Lp <LoJLiJl <2j Ljj>c_^J I oLS" j^s> 

( J^>-lwLoJl ol^ jIjlLJI y^>- A_LoLj j j-Sj> ^5" ^yLSj j-Lij A_Ly*<j a_v2_^>-j 

aJL L jS” j^J y_3 I AjjjLJI aJL^JI ^_L>- ya *y^~ J . A-yfl. i->c-L<>J I 
. A^s^LflJl jLill c^l yJl jl y^a-w%Jl aJLJL>- ^tyj jl y£L*jj te-LwJi^/l 
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S3 jrfJl 2LUI otiJadl - 8 

♦♦ ♦♦ ♦ ♦♦ ♦ 


128 ^JUJI ■ 

130 *1 jjJL ■ 

133 <Lo a^sJL^JI h 

134 ol5 * b 

135 <lJj 4<*«.yg*ll oL^iLgJt ■ 

137 jJI b 

138 <l>^jIi)I oUwaJJl i L^UJI ^Lp la*!***? ® 
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jlSsil ^Jlp j_pLw- iwwwJaJl t Paracelsus j-fLjl 

jjl jl5 AjIj t j_JLp ^oL-jl O ^aJ I ^3 i_.JgJl Cu-l>t Jj OwLa L>cJl jJl j j)..yg.*J 1 

jlS" -lA3 . jLw*o^l ^ygl j^I AgtJla^oJ Aj 3 Ao J_*yj I CjL 3" jxJl 

A>cJL*-4 I^JJ j-y2 Jl (l)lj jjJ_Al*_> A_L*3 I jjl ^J_) JJl jJl jj jJLll *LJgl ^Jg-*-^ 

^j\_*Jl 3 I J-a ^-fj ja 1 j_A J C A> J-yg-P AjJ^L Aj ^-yg_*Jl O >A»SjjL<>Jl 

^_Lp I j Ao L>wLp JlJ. 1 Ij o J_*_> ^.-JaJl A3 j . o3 j Aul ^_>cJ 1 j aJLJI 

. O^IaS" 

'"jl JUl 1 ^ | ^»wvwi-^*> 1 j j o j^JL) \m & *Aj I Aj^»jL»J| Aj La»J I 9 

.Lv^ji aj j-yg-ptAJl Ja_a 3 Ajj_v2-p*)0l oU>»JLx_<>Jl j L^-*jaoL 

3 jjJi >Jj LS jJl ^_3Lji5"l 1-oU A-yg-^-i j-yg-p *!A^j ^ ^-ocJl i_.-JgJl J-fJo JL5J 

j^l ^ AjI *• OjLy^Jl *w3j ^JgJlj ^jygl j^Vl J-o-P A^oLSj Jwvisl 

0*)l5uLa 1 j_*^l ol>*)lp 3 L>c_>^ A^LpLaj A3 ijJJj ^JwS" (jLo-*JLwbil 

y* IwL-A^vw« A3 dUj j ^Lp '^-P - j~u c_3 s3 jjjJl ^-1-P 

^ ^jljJl jJjJlj . Aj j_j UJ l olu j ^3j AoL>J^»aJ| ^ jJuJl ^3 olj ^JgjJl 

A^9 ( ^ i-XJ ' L»>»%j I ^ C Aj^«&^^^cJ| o jg*cJ I b. .J 1^^ ^ ^ ^-^ jgJ ' i— »»%J I 

.lf>Jl*^j ^jj*! j^sVl A^-Ij-O 

pi >cj 3L>t->l d)L5s-a| l£ *b— -JaJl ^3 jJgJj 

Ijjiij ti>-L>Jl f-ljjJl ^L-o-bS* iJI ^^3 ^jjJJ iLli 

jl L jUg JJ ~ vJlj ^ j^wJl ^g | /^L V 2^-1J t*jlj IjU-Ji jj^J jl js 

~lUJl j t, AjjUflgJl j <L^_LvgJl ^Ua_*Jl U>l .^Ju^jJl wbJj>cjJ ^|,yg3l j^JjI jJg ^Jl 

LIS' oJjJ-g- JjIju j j.jg.xi I J^3 ^$3 ^pLl<JI ^-ww>Jl jL^-g- ^Jl 

^_Sj>s_} ^_-_vgl jUg Jl aj>JL«_>j ^3 ^wLajJIj .Ag-jLvglj jLwvo^/l w* jjj 

(. Ad-jp>c^<>Jl A^g- ^oJl A^pI*-J>^Mj AoLwo-jjl A>jL*-<»Jl -A>cJo jl 

o3J-*JLoJl A3 j_x_oJl ^LaJjl j| . jUg ^sJl ^1 jjI ^3LjJl ^j\^Jl jj_Sj jl jl 

^Jl Ao^Jg-xJl JjI jiJl IwXg-lj jj^j t^_3 j-wbi ^ ^-Lw*Jl ^3 oL^gl-vSlg*-^ I 

.ldjLg»- ^3 ^jljJl ^LoJ^- i 3 




aJ^ 


0^_^JL^vw« ^-L) j If -yg-^ J .0 olj ^3 j^3La*J| twA-lyg. J 

A^ ^3 jl ^L>Jl ^^gl jj>- ^Jl CJ j/ j_^*Jl jl ^Jfcl ^oJl ^Jy^>3 ^yi 
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Aj y* L^_v 2_*_) jjioj A*-l I ( J-^*5 y 3 I Ao>-jl>cJl ^Jwfll j_*JJ 

y L$^ i S~‘ AAij^r J^. y y>^ ^J-P jip Ij^S <Pipr 

^■waJj .aJj_^j oL-*<j j-^9 L-*>L-*<1 aJ j-SCoJl ol^liUl L^jUjojI {y*j t ^_^o>eJl 


oLodj yj Lo ^3 A_v^L>- 




-Ol^-I OOljJJj>- Lg_l~&lj oUjjJI j*S\ yA-^\ 


Cis- oil? j*~]\ A^xilSCa i jj^'lll axUI oJ»& 


(O'* 






jj 1^0 ^-‘■~A ; fJl 


otaldLa jl beta blockers Lo ol^^b- J^J l^dS" Jip I old>y>-j tPlatin 

. 0 j j-Jj^SsJ IS" <oLgoJl 

<1)1 J^Jj>cJl ^^>*3 ^UJI A>^->lS aOO^pxJI ^olJL*Jl dllJ ol 1 jJa_ij 

^JuJL Js?lJ jMI ol ^ 5 ^*“ *l^ j-jl-Oll ^-Lw*Jl ^3 ^ j-^ Ia*-*-^ j-> j - laJ 

3 J_*J .Ajj-s>cJ| ^IwL^'y I ^0 lo j.y2->- ^-SIIaJI {J~ r ~ d^2L> iS J-* l*^ 

mechanistic aJMI jlSo^l ^Jl I&jjI^j oJla ajjJUI ^JULxJl ^ *-<>■■./? 7 ojj^* 

v ?lxx5'^y 1 ol ^1 I ^JaJ t Jll<Jl J™- .jli*JJ ^^^Jl ^J^Jl y& ' ideas 

^-o-Jl oolJL>j_>tJ ^LL»jMl ^1 Ij2_>c_) ^ I O-jwLOi j_^S " ^_p LJLp >e_Lj 

JjLw-j ^^oJl idoj^>Jl J^l j-^JD neurotransmitters LJ j ? yg *Jl 

jtJLJl ^ ^JJl jj jJaoJl ji^o t(^L«jJl ^ synapses aJ^w 2 _*J| o*>Ua>jJI 

dlL ^o0_> A 7>- j\ ^_0o-j ^_S" ^oJl dU-S oL>j ^3 <-J 'Idd'^l 00 1 3 1 +js ,x>. 1 y jjUI 

COL jJL^woJl j^S" jjJl olpj ^JjOd .L^tlJ jl y?\ y- ^J->-C*J 0Ol0^>eJl 

(3-^*" .^Idd'^l j->\ I j £* I Aj>cJL*_xjJ A_*_^-Lj A-Aj A^*_^J aJl 

^3tip jJaJ Lg_Ojj oU-UoJl ^y* l^wtP ^31 a*JL> Aj^I^JJ 

.jwb^/l Aj>cJl*^ ^3 ^ jJl 

ojj d^LwOlS C A»wj ^j>cOJlj A-o j-^»UJl C A_j jjUI JjM ^J aJl L«l 

l^J jj>eJj t j->d jl Ao^l-yg-^ 3 j->c» jLi*Jl cdLooS"! 

t^lj^yi o Sjb ^3 yts*- j C ^-^vd-^ljl; ^1>I ^3 .^wo-*A2oJl ^^^1} , *-^ ^'l A*»Lo-P 

.LsLoJ A>J ^->2 >s ^%P I^Up Alii Cj IS" yA>- Aj>eJ>-lj OO-L; ^s 3 ll*J I ya j*sS 

jl LwJi? ojLoi>-l o_*_) jIj5-*_U a_^oU>sJI jj^l ^ pVI A3 j_*-« j»o_p v ^Lww«l o_?»-l ld_^j 

oOjl^oJIj A_L>jJaJl jll*Jl jl jil ojj ^l^-^l 0_^*-l Lv 2_>I j-ft j . aJLj j— vJ 

i^Ul j-^ll^Jl i ^dS" ol \ jh> -Sli . FDA a^S" ^^^ 1 ^lolJlj ?-ljoJl aO-a 


y cjC f-\y-\ y> o j^Cj oWLS" c Alll odl^Jl LgJw«j c ploVi oL> <Jj^j ^0*19 (^) 

.(^f- ydl) <lc>-jU>- ol Jjyj (_£ ji Lg^ j i l.^-i.— > L> 4ls^tia oIS*)Ip dl 
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^J^pLLoJl Jj>-\ l)li LsLoJ <La y^JLay 1 Jj>- oLJlj v 9 y~*> Aj>- j^JLotS 1 

L»— LS" OwLihi^" LaP yJ y \s i ^ j *.* *.is^ ,) ^) y^sJ t^_3 y^i yj L3 1 aJUlJIj ^_L*JJ ^L^vwJ j]\ 

.oJjli <J^1 A^jL>- ^j^al y p! 0 I 3 

pI jjJL 

^tA_*Jl l)j-$\J ^S ” y <. *(^£y> cJl A-JjlJLa 1 J_>- (l)L*^J^/l ^*J>cJ>- 1)J 

‘ A_)L*-3 l_g_3 1) j_SLj ^^Jl ■ **w>cJl £-s<al J*° ^ LXj ^ X>*J 1)1 ^-g-oJl ^j-a L>s_^lJ 

1)1 v (L^jJ^l obLis-a y (. ^LojJl jj 1)1 v >lj_x5' v y I o 1 3 L yflj» 

^Jl (1)1 (^_>tj jit j-wv^LJ 0 3 Lyg-oJ 1 j^3\jL*S\y y> ^Jl 

pIjoJI olL>j_i- ■> yr j bioavailability x^sJuy .^Ijj^l ^Jl y> 

<JLwvw« j^jJ . o J jli 0 y^J y ^*~wvw>cJl ^3 L^-Jl A_>- L>- A^jJ 1) y>^ <L~J>- 

^3j dr°j^^ Cy 3 ' A ^-**~ a (J^L>- L^oia-p' (_£ ^>cJl jil ^^3 *ljjJb Jjj^Jl 

^lp L^X^si -b^j A-oli J-W^ 5 oL>tX^a c ^jil jJl ^3 j . ^_^>cJ I ^>s 0 3 Jj>^a A^SLa | 

Jl <_£ ^>«Jl ^il ^j>s jLXa b5 

» 1 AJa L*^*»*S" ^j^.^x-1 1 ^3l^^Jl O^Lj^ 1 ^ y^^i La I j^U 

La X>- Aj I 1) l>LLa A^o LwOw^SsJ I <Aa-cJ L*_<>J 1 ^j23 

^j^>- y\ I I ^oL; y* yj 1)1 ^L^.x^«vw^Jl a^^SLII c L^L^-p 

^3 y*a ^Jl 0 j-JfL-a a-ljjJl cjLsi2_»} ^j^-al C ^ A^j>-lj ^a .Ajlij ^Jl Ji 

l)j^ (j^wUl ^3 jl o jjU^Jl ^Ls^pVI ^^3 ojLljol (_£ I) aJL>&j2JL^I 

Of-LiS" ^c_-_v2j 1)1 LSL^iJl Aj>cJL^oJJ J^SLal ^-^>cJl A^Aj ^3 j}i >j' 

.U-U-Jj 

o^LjJ LJ-S" ^1 jb jj jJaJ ^3 |j^- /y-o jjbJl AjULJl y ^Jl^JI 1)| 

C-4-Jwi_ l C (JljLo-ll ^_1_P .f-l^wtJl ^ ^3l^_xJl 

^^9 ^3 | /j» 1^^>- Ajiv9 JJ ^g-J ^<iJl A^JjUj ^o«J ^3 Aj jjL CjI ^>c 3 oLjJarJl 

oX& .c_i_Li-oJl f-ljjJl yy>xX ^-^>cJl J^o-s^ 3 A_> ^o-J j-Jl A^Jl LaJJ-Pj 

^Ul ^y? jJi . Jl 1)| <X~j>^j j-^Li-P yj aJU<_3 A^j jJa 

^wLa j^Lp ^Ja-o a-ljjjl ^3 yX ytJXy 1)1 £^yy*^')} 1 jl J-^l 0 y 3 aJjLJ 

^ ^_>cJl yj 1 jjJ l lg_>l> i* g-ygjLj .Ja-^vui ^ *(Lr°J"^ Cy 3 ® 1 ^ 3 

^_w2-J iwJu^aJl a-ljjJl a_> 1)1 ^ ^j-ajJl ^-a o j_w2_3 o-La LwoJapl ^_L5L]1 

o^LjJ 1 j_& y>zj .AjjjLj oL<>J-^vsj>cJl oL-aL5-a ^c^wajJ Ijl^-I jl c Lo-pL) Li 
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oL-alJLa La jl J ^ ^ ^|pLLJl <\Jbli J ^Uj>c-L?-^v-) ' «iU>-LwvwoJl 

.*-***>31 cJv^cj^I <ui_>li ioLjJj i (6 ^J-v^aJI) o!jja>^JI oL>-****>- 

<Jl3»oj cjlSs-aj L^J-a t 1 j-ZzS JJLpI 3jw\JL wLj J pl ^1? l-ygj ' yy>~J 

ya o j~~> ‘^T ^^^Lp o*-LaSL> 3jjJl ^Jww2 j-> dl .LgJ jwb>- j^_P L*}L>cJl ^Jl f-ljwUl 

sickle cell anemia j>jJl jJJ y* i^l^l y* l^*iS Ly^^l 

( J^al*jJl ^SLo-> Nj *ul>3l ^j^o-*^ 3 CjIjj ^Lp wL>JL*_> c l)j-*-3jj j>3 ^X>- 

j j^P ^-JaJLw%u ^ CjLu Jj>- ^j-a jZ^S j .4»Jj>cJl 1 3jjJl Jl>oL 'yj l^_*-a 

j_^P s-LJLp j_-_P LoL> j-g-S” t L*JaJLL**wa CjLl>Jj>- <JL>oJ 4_i y*-*P <L*l_>cJl *LJLp 

£•(^^>31 C-a3_*J <LLSs_JL< 31 o J_A> ^1_P **- ^LajJ^I Jpl ^£J_>-I . 1—3 a„AL**wa 

^ 3 ~P . *3^,^ *.*■ ) ^L*L>3 I £- l»***P J y*£* ^ ■ * la.— *«*_J V • L ^ - . .. - a y*-P k — 3 ^Lp y^P tw3aJCL**woJ 1 
oLj^>o ^jJl ^j-31 iir° ® jZ*~*p \j2 ol Zy>- 3Lo-*jl*3 j^5vo-> c3Li<3l ^J^*-**< 

oi-ft <L-*J-yaJ 1 UjJI j—sULp .3 i) *U_L>3l y-*-’ 'P 4-*j yP ‘W? j-o~a L^ 

ciii^ Jpl J ^ J •^LJLaJl j-*P L& j_> y>Z ^->c_> <ulj>3l I Zjy o jil yLa 

s-LoJl y* j jj2j ^{S'yr y^ 3j ^c***3 j33lj .3 j jJCvvwJ j33L LjJI <-a3-*j 

^a A-oliaj j ^-*, p LjjJl t-\ js £^p yj j-^-y, <3j>cJI *L Jlp j ^-p 

3-U La c a3L*_s »^Lw ^>- <lJj>cJ| ^Jl <JL>-^1 ^jS^j 3j 

J_A_Jl O tA ^ .> yj>- LJoI .l_*_3l_j jj_$L il) i 3j jJLvvwJ j_S\Jl 0 i 

> 

C P-ljjJl C-A-J-kxJ J t ^ ol^S ( _ 5 Lp iojUJl t liposome 

OLU j_-^J| 4^>ijL^d ^3 Cj*>\ ./g > J_>cj| lLLIj jJij <\_Aj j-^ Jwo-^JLS 

j j J^i j.* (cytokines oLS iLli ob_Jj jj J^ >t -' 

. jUaj-Jl L^j- Jl interferon 

jj3wLoJI y* £ C^^Ja_L*-a 4_)j_jlJ 3L<>-*-1 *a<! Lyaj 1 ^j-SCo-Jj 

Ja-J j_>j .a-ljjJl J^W 3 ^ j-w-L>Jl o lj ^UJl J-AiJl 


^_j .4_Lwva ^IjjJlj ^L>^j>cJl *w3^xjJl <da-w*fl j_j ^ ^jLJI ( j^wJaJJoJl 

33 JaLcJl clLL ii g-j L>- 4^v3aJ^*^a 3 ^_aj>3 

^JaJL^o ^1 .L^J jj3L> jl y^>y ^-valj-oJl ^ ^j-w>tJ I pljjJl yly 


.(^f- j^ii) oiv? (j*>u) yy* (J'^l*’ yy y\jj y* y 

4 ,•?.£• j AjJ^S" oLI 3 a -*^' 31 <-£^3^ cA^L^J ^l- 18 *^ 3 -C^Jl y ^UcJl <ui ^S"l^u jyl JJ ys y> (iif^if) 


.(^1) 
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Sal jJ Lg_> y>o l.5^ 4jL ^_*^ w>cJl *ljjJl ^31 Ai_v2J>c^<>J 1 ^3 tw-^JaJl 

. Jj Aja^l jj AjjUg ^Lp JjJ->=-^ 

^*vj La *ljjJL Jj j^jJ I j <uSUl al j-*Jl ^<>->cJl Jpl ^Jg ^w\_>-j ^ j_aJ j 

oLl>j 4" i-ijjiaJl oJla ^ y • triggered response o-jJ_Ljl a^L^jl^Ij 
^_ 3 jJa_i LgjlJLJl y* > ~ ® Ja-4-JLw*u^ A-lg-JL) j-^ aJL>s_) ^w>cJl j-w 5 <djjJl 

Jl>cJj ^ jJl ^-o-Jjy cjLL*_^JI a.*/ 5 jj>j>cJ! a Lyg-zQ j>& eiiJa ^J«p (JLcoJIj 

^3*^\j J_*j J y* *y ^ ‘W 5 j-oj>cJI aU/sLa L)j <_£l .^w? j^j>»JI Jj J_Jj .1?.^ j 

.^yw2_gJl jLf>Jl ^3 ‘W? jj>g>tJl o Jj J_*J *t*JL ^a jUJI ^ y>-J jJl ^_3*>LxJl 

. ^vwaL>cJl J^aaII ^3 C—JJ3 jj ^Jl A^CwvsJl ^Ug-*Jl al j>j jj& y»- s yi JLloJIj 
J^- la c <L^Lyg.Il yig-xJi AjljJg-wjl y>j5LJ L*-a ^<>j>eJo I c cgLjy>cJl ySLoj 


AJLjL>«J| AjI jJg-^Vl yj j^J L*~a ^>j>6nJ 




aJl 




^-LaJ j*s}\ j jl i jS ja-> a yoj>^a ]g ^ 


•f 


jdl jLj ^3 oL^y^Jl Jj>»*j U5 Jj>-*J jl ySLwj .A>JwLvg jl ^yaa jl JjL*> 


^alJLxJl ya ^JlS" A^JJy>cJl AjjjLJI AjLLJIj ^Jy>cJl ^al JjjJ 


;L>cJj S }M ^U-J 


*^j La Lo-& dUa ^_Lp oLaL^Jl o^LloJIj .Sj_>Jj>cJI <u_S”jJ| 
LU-p jLxJuMl ^Jlj-y aj-*^LJl . U jJl *jy>y. ^>Jl*jJlj suicide inhibitor 

y^j*j Lgjl ^a t A-wo-^vjJl Aj ^y>- jj LoJ La3j j-aLJl yo ^jlgx^j^l ii j_L**Jl J g^Jo 

^j_*j>t_) oL<j-}Jj^/I ^y2_*_> ^LLj'L/ C---^w<>-sA3 Jj . ^ >\j^S^ 1 ^'bL^J ^Jj-cJL^vJ 0^ 

^3 0wL^oJ>- CgLjy^- £_oJ>iJo l^Jb- j jL>nSii*)l I ^jI j-a I JwJ .y> cJCj Lg .^o2j CjLojJj^/I 

AJLa_Jg j_j ^LLjJI (JjLj>5_jj o ^y>w L j i^_3 j-^a W^l ^j-y-t *-y. 

( J$\ CjLjy>cJl ^Jg_*-a yp *^LJ»3 < LLl>tJ oLjy>cJl <lX\j Jl . l^Ju Jl*J j A^^wJaJl 

A_9 j_JL>La AjLg_J (Jl -bJg- y~ <^j. JJ Jj L)l <L~S>- ya I LgJwL*_> 

j-& Aj Jg_o y La j C A_j Ja-o y yp Jg_A3 Ll^J>c-o JgLLjJl 0-\j -LJ^ 

0wb>cjCoJl <cJwJl Jwo-*J ^j . LJ-x>-p ^jLL aJ| ^Jl L jJ ^jLJI Jgjl jJl Oj^jj 
y>eJo I jj ^-yj^/l (JjSvj IdJj t o J j>-j ^_)y^/LS" (jUL*Jl ^Jjyj /t-jy^/l) o wbwb>cJl 

o J_a Jl*j a^_jL/ -Ls-vg oLS" c^->cJol wLiJ . ^Uw^wJaJ I Ajcfl-Jg jJ a_j I a I (J*^\J>- y» 
Richard jL^j-i-L.^ ajL^jj Lpj^^a L^Jj^Jg ^jJl dJJu L^j^a j tojaVl 
^L^5Mlj ^jwaJl J-L» o^/L^ j^L^yJjjJ a_*_>jL>- Silverman 

jUL^I ^Ijj> jj . ( _ 5 ^jJ-i^M J-*-«Jl ^y> j»L * J-S' ^ ^jJJl 
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^-9 d)L*_9 cl) j_5d> Jl ^j-Sdo-J dJJkjJ 


d^/l kLUi 


dr" 


-L>c_j 




aj-^>JI AgJL*_Jl ^ L Jl f-^y>z-) AjaJU^Jl y& ^g*- s yi (JlLoJlj 

LS^kJ Uj^ .^IJJI kdJ jMl OwL) ^jjJl UjJI !^y?\ J->~ ^y° 

d j^S ^JlsS /jSd>-Jl ^y* aJI <^JlS UdL c ^UJl Jc*/2jd! ^9 L Jl oL^ 

L>tJ>-L ^djjl jU jj A->JJJ W J ^A?L>cJl LJl <U>wv 2-J ^t-oJLa <d*-4 

IJ& kj jJaJl ( jd2-*-> *Lg_j kL-Jj^lj do-v2_Jl ^J-P jjJL*Jl ^_9 

^j-a ^_L<u dl ^j-Sdo»_> ^oJJ i — w_*^oJl UjJI dj (^1 c ^j-** j - Sdp j-s_P kL-jj'y 1 


jldJl Ld dl 1 ^k) J .oJjwL^J ^0 ^Jj>cJl ^Jcv2J>cJ JJ Jj d_)U k^ApJaJl 

^j^oj J . aU-x^wvO ^kxjJ AlJl jLd> ^*P AjU i AiwL^j ^ I -ko^j 

. dl5du JJlo-j cjUj j ^ jdl j jj>cJ dl *yi oL j y-2 obkio aJL jkJ 1 o J& 

lJ” jJl oLjylj ^1 p o jUSdl L Jl *(^£y>u AgJkJl djld Jpl jk £-ya^>- -LoJL*Jj 
.^>1 «/? Jl ^9 LkU-kL ^Jl A^JJJl L Jl Ak ^J>l J ^jUo-Jdl 

^-o>Jl ^_>LJl J>p ^9 Ik Ido o^Uc-Jl JS\ y* UjJI 4-^wU-a 

Owbji OwL^>- Ad jk j^J-i LJl ^.9 kjl y l)S J t 4 jj^> dl Lg_j Jjg.J 

iwok i CjLaJgJl ^3 L^JU^lJ djjL £^J>J LgJg-Ud 

.dol j Jl L^JkJaJ 

aJJ^Io Jl do jjJl aJ-UI 

dl dJ iSj-i (kj“k ^ o—) o wL> Aj>-1j g-^.-yg-j Lo j-d JJk ^JJ" dj 
'y g- ^-yg-Il d^y dl Ulp . L^_Jj ^y>zj Uj«^>- d ^kJl ^>->“1 U ^-P ^ j)-v^ 1 1 

dy/ ^ Jjj'yi ^U-^Jl d jJ jl ^p ^j- > t kd ^<>j>-I ^Jl d jJ dV j-o->-l d^dd 


. g- ^.^.11 ^L>- d jk ^J-P 


U 


aJoluj 1 ^kJl g- j^-yg, )l J I -JU 


o dj^ (^ j-wJl ^^-jJl ^p LUp jl dLjkJl Aj>- j-Jl g- j-ygJl ^ku^oj 

» 1 ***^1^ J ^9 LdJ aJ I ^j.^do>J ItaL^ C 0 JjyJ 


C ^Lwyg->a 


photodynamic therapy did-aUJl dJjUdl UJU^Jl ^ j 
dr° J 1 jjJ dr 4 ck’W dl dr^ri g-L^jj ^-^o>Jl 

/t-»-vO>cJl dU 1^^ .g-Lwjl oJ_P ^J.yg„>cJ dl j^Sdi-J l g- J^-yg.Il ^-JosJl ^/2jJ>-^9 

^1 A_Ux-»^J k-_9 j-*-* 1 g- j> -s<a 1 1 A_9 Ik dk <LuJ_^ d) ^_ jU Ak-Aj ^ jJ>^J 

^LoN Lv2_jI g- j. U j I (JU-*JL^I ^j_5do-j A_m_>s kLd J-JJ . aJ jjLv 
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4-J-plo2jJlo dlL V I O* ljo^j>- . J 2 LOjJ I o Oo OO \^j>x-~+S\ O>ljo^j>- 

L^Oa J C LgJ Ojjlo>c_^Jl 4o jpQ>_*Jl OlL>j_>Jl LoLwOw^S” ^JupLoJj 4o ^JL)I 

.L & jjijjj (. -c^>cJ I ^Ijj^l olo^>- 


*y c oJl <uj j^..yg j| <l>cJL^oJL} jLSo^/I oJ-& ^-owOi 

4JL>cJl 0-loaL_o ^1 p loo 1 ~oi*J L^j'y ^Jo c (olj jjjJl) c- j).oJ I ^Jo>^o%o 

4_>cJL*_oJ| jO_*oj .4-sioj^Jl ^3 I 4 jjjU| J^ljjjJl jl oljo^J>c_lJ 

4j>»Jl*_^JJ li*}\j>- C 4^> Lgol j-& LkO>-l Ci. o-L*J 4>aL& 4-^SwaljoOjl 4 -o j^-ygJl 

^o>- jl c LoLo>~.5" 4 _LpIal<>JI 4_>&j_^joJl ^j-o>c-wv^S V 1 olo_>jj>t3 .4 ^oL 0J1 ioL^SOl 

d-w->-^ o* Lo-^vo>cJ I o>- ^-> d-w-p*- 'y | j ^ )g > 'y co jloJl oj J^UjJ! ojl ^ j>- 

4_>cJL*^JJ c 4^5 LojLo jJl <Loj_o2-)1 4j>cJL*_oJ 1 <jl Io_&j . * j .*,&-\ 1 Ja-L^^o 

43 LS" ^3 4_l_plo20>Jlj ojLo?Ji oljo^J>sJ 1 ^os ^4 ojLw*> IjUI» ooLLstJ 'y C 4-oLwo-^5vJl 

.^wv*w>Jl *l^>“jl 

0 j5\J (1)1 4-^SwaL_>0Jl <Lo J- 02 JI 4j>cJL*-oJ| ^3 4_L<>-*JL^w<>J I oL<>Jw^o><JJ J^Soooj 

( ^-o^^S"'yi ^*-»^o ^-JaOo ^Jl |*o>sJ>tJl 4-lg-^o ^X-oJl 0>ljo^>&Jl 4_WL*~5 4-]g-^«..vO 

0 3-L*JoJl 4_^a ^JL5\Jl ^_oJl wL 0L*JL5 oJ_JL*_>a L-ygol 0 j-S-Cj L)i . Lg-of-L*/?! 

ia-o^jj) 430_^_Lv%oJ L-*»Lo>-l LgJoa f-Jj>- ** o_3^_*Jo ^ <l)lj C Olo j5ooJl 

.l>tl_gOa L0w>t^5’l jl ^ 0 >/l ^Ul ol ^ t(Lgo 

.^C, j-^>cJl y >\ jjJ 1 ^j-osljJ ^ J >- 1 Olj ^5>oa ‘Uj 0 j5\J Ol ^j5Cooj 


ol_!o^J>- ya c 4 jLLo>coj ^ ^-Lp 4-^5 wjLoOJ 1 4-o j-v^Jl 4 _>cJL*-oJ| ^ j_jj 

.4oj-0>- jl 4ojolo 4 -wo_L^o>- ji 4-Jo^>- o_3^_*o ^j—o | j_P AO* ^oa ^L> ^J>- 4_Ia-^o 

OwLpI j 4-s^l? 4o ^jlo 4jl_jJ 4jLwvOJ jJ& ^oJl 0 0_A (J ljUlo 1 J 0 1 jJl ^joa J 

.^jO^I ^'yij OljLt j-^vJlj 4 -n>-I ^P 4Aj jJs? l^o 

4^>ll 0lT>JJ 

C lotA^c-ll ^y 3 I C-O^sai 4oj»o>cJl ^^wJl 4 j2_Lo>coj oloj^^a 4-oo 

^j>-j c ^jl j_OJlj oljoy>Jl ^ 2 _*o aS y>- 1oLo>-1 0 jSijj .l}y>zSJ Ol i*_^-co 
A,*«.*/2,xJ\ 0*^L^j ^ oJl 45" ^>- OiJ^ 4-iOoT .ia_43 CO -5sJl 4j^-0>«Jl 

0 j-^5 LoO_lpj .^^>-jL>cJ| 4-5j>*J 1 flop ol j03 j-^p -^jl j-*^l ^ ^ ^-°oJl ^3 

4-x^-JgJl o j^-L? IUj c I L^_Li_L*o ^_w2j j_--5I 4 O 0 ^>Jl ^L^'yi 
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•oLJ ^ 1 dUj -4-d^sJl L^_5 sj j^>cjJ <w?L>cJl cjLJ'yi y> <LL*~J~~a 


c-iill ij l$-^1 &\jo \ molecular motors olS^>~Jl c~<LiiS'l 

y^l I ^ j-^*»L> j^Jlj ^j-O 4 j>c_^?_^ La 4_la_wal jj ^^w>cJl ^3 4JLI2 JI J_J jJ 

adenosine triphosphate ATP y}y^\ oLLwajJ y^ iili jJU 

^Ll>! ^p JJL*-a I5 _aj . ATPase ^JJjjJI >j_> 1 4Ja_**»l j_> 

y oJj >■ ^oJl iiUaJl 4_l^P jLo-J (^dJl ATP Jl ^iSj^T ^ iSUaJl 

CjLa— ^ j_3 ^j*>Lj . Cj tA -y2 . aJ 1 LgJ^aj c iiUaJL 4_^3 ^ ^ -3 

JJwU ! *>L*J OjljwUl ‘L>c-V?--oJl j! ll^c^jLS” ^ J-.Q J-ygJl 

^ jUJl L&JjJj>- J^pLlXjJ C 4 j^ 5" j-a 4 _Ll£j <J ^>- 4j ^jLJl 4^-Jl ^3 4 j^ 5" ^oJl OwL>- jJl 
. ■■L-^^c^J 1 ^3 o^y ^~ ^aJl d->Lp ^o c-jLLl>c-a y**-> ^Lp 




cil_> jJ>e_j CjL-JI 0 J_P /^a <LoljjjJl aS y> cJl od_£>j 


.A_jj-w»cJl <Lwl_>cJl t. ajfLbj ^-3 <LaL& ljlj.il Lg_>i ^ j-^-jLJ| ^a L)^l ^y*p\ 

£-Lul 4jlLl>E-<>Jl 4bj><Jl oil jSva jil y <U3 1 y> y> L/2j 1 4^Jo^><Jl ol5"^>c^>Jl L^SLoJj 
^JJLu iS y L yjy>- 3] y> c-a kenisin .ajj-LlJI 4-jJl LgJl jj>o 

4_>J j^LaJl 0L1 j^-o^l ^Ows-vJ OljLwvwa (J ji? ^Lp iJ^>cjJL <uX>sJl y^~ 

.|*Jl*Jl y oljUajdl ^j-a ^y> y^p\ ciiidj J^J •4-'-^^ 

> 

.jLJ^/l jil ^ ol jV^y\ U y>xj y£- Lv^jI A^Jy^JS A^Jjy> cJ| C-j\£ *y>z-*S\ J 

yyj jl 5 j tprestin ^ iiL>Jl oJla ^ 

.tfdk^-'y ^a tJjl (1) j ^*- 0 yjy 4 Jlp y^yj Peter Dallos 

> ** ** ^ ^ > 

4jjjLJ| ^wdJ 4-bL j->tJ 43U5 J Ip jL^J y 0^ *lJj^>cJ! 

wL^Jj . I aj^jLJI oL^Lj>o j ‘^* 3 ^/ 2 }] 

^ ^ j ^ ^ i I 0w\_>w^«sd! I Aj y LJ I ^ ^y Q a^ -^o I ^ »<* 15 ' 

.oLj>JI s-LaJjI 

4^>j ^SsJ^II £wa.*JI oLiilil 

y>f-> L^_Aj j_ 1? ^3 I wL^*_> Li? 0^1 LaL^L^Lj 0-*_la_3 

1 . (o^y l>cJi j-^3 t)L^3 0->c-w^i ji t ^L^jaJi yj^y 1 

4jL^lU Oj^IkuJl c_ 3I J_A>'y I y lw\j>-lj ^LaVl *!>LT3 j>wlio c_3 y^> ^JaioJl 
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*Lj fj\ <. neuroelectric interfaces iJj^^J ^/1 a1~/2_*J1 oLaILJI y* j tAjjJLJl 

. A^yg-xJ 1 a 1 ^j>cJLi (ww*-w*>! jJ>cJl ^y?J CX° CjI J^_>o 


c-aILS" 


Cr* 




A-Ju e-[^> yj ^».> /?.*■)! ^AxLoJl *Lj i^-UaJo 


A_J J_*_y2> ^-Lp-eJo J .^y>- jU>- J_w»<L>- aJa-wj! J_> ^_SsJ>cJCJlj ‘Lwyfl-xJl OLsA-jJl 

ajj_>L)J1 aJULxJIj <lu j-w*»lj>cJl ajj_>IjJ1 aJULxJI y-> Oi-ta 

a»J> L j-%-^ ciMjLjl) ^Lo-w*Jl y° ^Jl ^ i»y>cJl <—j Ly2pl ^JJLy . ajj-^>eJ1 

C_i_L^>c-« ^3 <U_^y2_*Jl jS\ j^}\j ^LajJl y~) (^jl j-JLJ1 AS" ^>- <LoJ>-Ij) 

^ j^-U jJlj ^jj.^ jy^. ^ j-*-*> c5^ '*■■■" -’l jl~0>y/ 1 owL^J .^jljOLll ^«&lj f-L>tjl 

<Lojjl A_S" j^U-~JJ A_v^li>- Oj j_£o Cj! j_L 3 J ^Lo-pl J j-!? ^_lp ij jj>cjJ ^^Jl 

j j_*_*lJl ^jJJ eLl^-SCy-j 1 A_J I oJ-kj . L^_S ^_$C>cJL)l ^j-Sv-o-) A JL*-Oj A_*_j j^i 

y> JJLlCJ 3jl ^>sJL> j j_*_0«J|j ^Lfl ^3 t^lLowVi (J*^* 5 L^ 9 

L^-Ly->- jJ ^Juy2->cJ C^-^>- ^LojJl A-ww2_^Jl AyJ jJa-LoJI j_*P ^L>c-<jJl C_^y2_*Jl 

<La jJgJya ^Jl 4 _j l_j>tJL^l (. (_ 5 ^i A^-Ly-aJl o ^ .} J_J j . L*_jj j 

^^Jl oj. ‘ij^-LwJl <=-LoJl t fc LL>t-w*' ^s t *^\^s t tio o*^-y^*Jl 

di_Lj j ^Jw^J>c_^vo ^_^«oJl]1 j_a j jJL^J^yi ^-s-*/ 2_«_]| oJl aJLa_> 

. v > j-^jL>- aJa-^I jj LgJ ^L>cX--*)'y ol j\J»y\ 

1)1 t*_y>o ^A^LoJl ^3 jj ^_3 j^> AjjjLJI ^^Jli ! a)jL& oIj j_*_v 2J| (jl 

.A_LjJiJ 0 wL>3 AJwo_v^ 3 jJC->~j* ^ ^3 ApLLoJI jL^j>- A_A3l d) 

OljUl ^^S'j ^jl ^-*dJl lUjIjLo J i_ 5-^ l-s^..J 1 1) Ol 'wJ>oj 

jj^5"l 1)} .aOI^j cjIS” ^>- wL_a)jJ oL^_J**jJ1 oM^2-*J1 a>j ^Uap^/ 3 JjLp 
o!0j^ 4" ^ j t molecular conductors iJj^>Jl Jil^Jl ^ diJJJ ^^13 1 

a5" ^>cJL> J Lyg j ^ 1 ^1p ojJJLoJL a^j j ySi] ^ i ji Aj^jLlJl A-oj_>Vl L^JC-Ls U i. Ay?Jo 

. A^.yg..xJ 1 c.iLJ'yi ^3 Aj3jLiJl A_o^j ' y 1 

jS\ y y ^Juy 2 ->cJ o j-A ^3 A_ia_JLi Ij A^ oJ 1)1 ^°J 

oJla J-w? jJ3 .1)^/1 j»jlaJ ^jp JJ_aJ 1 'yi 

yj j^-5sJVl J-^ 1 J-A^cj 1)1 ^J_>j^>Jl ^Jusl jjJl 1)V 'y C 4_) J_x_yg_]l J_) wLO 

C-^J>o A^vS^Jl A_L>j>cJ1 y*^P A3 Jj jj Lj2j 1 Aj^I ^Jj C c_^-»^J>t3 

. L^J AjUxl^y/1 j A^-v2^Jl oljUy/l Juj?j 


j2_> ^j-Sl^JL) ^jj^I j-^Vl .A-LjL& ^JwJl o 4^^} Aj>-L>tJl 1)| 
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3 j | I > l— /0 ^ ^ ^ («J l— *— <>wl I ^ ^ -1— P . I A_l— I 

(Lou Gehrig dJu j_p jJ y y) ^^-GGrJl (_$j j-^ 1' <^Ji ^ : 11 y> y j 
AjwU^>iJl jl y> 1 jzS (jl dlL oL J 2 j . owa-*Jl <L>j>iJl ^3 oil ^Jg-ygl 

^_9 4 * * yg *J 1 LLo->cJl yLp- L ^_v^| jl ^wG w\_L9 J™3 C 4_>jL^>LoJ1 

o^/L^ ^Jlj o^/2_*Jl ^^->cJl JJa^J y$y d)l ( j_5s^_j i Lj j ^<>Jl 03 I ^->cJl 
^JLLa J*>U>- tOj~w*>L>- ^Uajol ISli .J&Jl jl ^ooJl dJ_JL!l ^a 
dJdJ ^ ^ ^ -1— P o ^ L ■% «i<s«. 1 1 ^ 1 1 4 _Lo^^c_ 1 1 ^ ^ 3 ^ 1 c ^ y ~3 y * 1 

y?\ j^^/l ^Jo"ljLa o jjL>cJo aJUo oL^j jO l)*^->- y° o*>\^CJoJl 

.4jjL*»U| 4jOj> cJ I jl^lj 

<0 IOj^ jJl *Oo~Uj2j 

jLLbli .4_jj^_>cJl oLo ^3 p*>L>- olo^>Jl ^Sl oloJ j ^*Jl l)| 

y* o (1) j—w*_Jlj O^Lya-xJl J ^»jJlj J_L>Jlj j_*_oJlj ^-jl—v^'yi 

^>1 j-aVl y2^jj .oLlJ j j-Jl ^^j-Lp (*j-^-d y^\ y 3 j~-S"j .oloJj j-Jl 

Creutzfeldt- o ^S"L>- _ oJ/Lojj ^y yj y - Jl 2)^o- L^-ilol ^j-aj t 4_o>e^Jl 
y*-> ^1_p ^Jj2j1) ^--p i^yj y. ■^^* c - , l y& iLLs^o ^_>o t Jakob 

Ow/>cJl ^/?1 j-aVl ^j-a Lb-P l-yg.J 1 lxLli>- llL 4j^Ja^>Jl oLO J ^Jl .(^^ ? l-^ > ' 

j>aJl (,i :r) Tay-Sachs dr 0 

y» 4_1_> jJi? oloJj j*] 1 t. fiJljo C Ol y~ J ^-Jlj Lw\Jl jl y ^1 -Pj 

^o^>cJl y^Z ioJ_p- o-b-j 20 | ^j-Jj^ r Jl ^3 w\j>- jJ .ioJj>cJl olO>- jJl 

Lj Ls^LoJ>- ^^IaJI ciiij y* oblOj aAj ji? y^J 1 •* . AOwa'yi 

.oJjix~a Aj 4jj ^J^wi ^i-P Lol^ ^_o^>0 

\j a-Lw^^l <^L o-Lp-j LwOw^SsJ 1 (1)^ <0*0/3 oloJj j-> <—~S jj y^i^jj 

09 1-0^/ 1 OOaV 1 ^j/3 j^oJ>cJl y2-*~)j L L*-a Lj j_j L/Lo/>- j-»L*Jl 4_LUwl*J (^1 

protein engineering oLJjjJl LOj .oJMa iLjJ^ 4 J 0 J 0 ^ to^sJaJl 


i jJail 0 jS\ jJlj j^_52ajJl j jJtj JJo J*w»JL>j t O J j— £■ j-*- 3 j— !?■>• j_« (^i?) 

.(/t-^ - y^il) oyLoil ^3 pIiOjIj 

^ y> iS^J-\z (J - *’' 9 LJLc- y , <? . £ »— >yl_aJL^*>l t y L^'jJ k—j| jJaOl 

.(^>- yJ«l) iJ j/JaJl dl < ^ Lyg-g- ^ I ^u*i ^ pS'l jj iS^yiJ 
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y* y~\ CjljLsJaJ y j i JaJl y 1^ U>-*JLw*< I j oLlJj ^J l |t-Lp 

.A^^S” jl!l iJlpVl 

I^JlP ^ jjjj Aj jjljJl 4-JwJl Jpl ^1? y» o-Aj>- I j ^A olloj ^Jl A^j JJ-& j 

aJLaxJI l)} <. <L~s>- /y . Aj j^>eJl aJLaiJI ajjL& ‘LuLiii^l aJLaJ 

. All^_>J tJlJ llo J jJ ^llj ^ Lj -0 I jj Jp! jJ? JLo-*JL<jI J-v2^1 ^^3 Ajj^xJl 

oUl l) j»uLilll jlxl*xl -Jj jJl ^w2j jL«j J-oJ^ LjjJl l) 1 1 jlal3 

^_&J C E. COli j^" Ls_-iu j^Si^ 1 Juw*3 ya aJ oLw2_*JLa CjLwO J jj £-J-v2_j 

(jlSj .^_g_> lo Lg-^3 I j_*_*j?jj c p-L^j'yi ^3 Jj>- jj Ajj jjy- 

^ljL>! ^jjs LlL*~« Lb ^j-SCo-j (^AJl ^Jwj>cJl jLo ^Jl ^_3 ^_*_j [juS LlSLwJ j-Jj j_Jl 

s > 

■oC^ U^Jji 
> 

y CjLa^Jaj L^_«j2_^-J O-jLS" j c aJL jJaJl o-l^j oLwJ J jj! ^JlS" *AJLl 

A>tll> ^jjl tbLc*o^/l jj>j Jw«L*j AjLL* 1<»J| bi-L aL1& JjLI <lS^l l_>cJl j . twJgJ 1 

.£*j|j (_jUaj ^J-P *wJaJl y J^jCL^j j Aj j_^>eJl Aj Lilli 

AjjpUl aj j-^>cJ 1 AjLiiJl cj^L>c_» ji5"l ^jja o J j>- 1 j oLloj j-Jl a^ jj_a j 
^ jl^>cJl c1L>»*1*jLj .oLU j jJl J~£ ZJs- A^jbS" *)L*-9 yj LliV L>s_v2j 

j » yy J ^post-genome ^ yy^\ J_*_j L* ^_1_p ^JiJb^ jli t ^j-JLJl 




a^^L-S” j oLwJjj-Jl Lo j] jNl ww proteomics 

.LIS' a^i*j? oL“ j jj L^Jjjj c a^S y t _£-— > Lfi«-*>J jl L^jjjlJ^j Jj Jjo 

J}J^lil Aj jjUI <3 * «, C2 111 ! ^J-P JU JL>* ^ 

A_P ytJ>^o aS y>u Oj-oJLg-J f-Lw'-'yi ^LoJ>P J-*j>o ^jjs A^J 

^3 aaI_p j_-_p jl ^_^w>cJl L^_5'^j>tj ( j-^- :> " iS L>>Lj>cJl aiI_*-o 

A,j^l jj o3 j_>- (_^wL« Jj Jj>tJ ^Lp ^-AwIpL^j o I ^j5 Coj a 5 jj>cJl 

lj*^\->cJl ^jjs 0 AS ' y±S*LJ* l) 1 .^-^J>c-ll ^_^3 ^1 J-^-ll 1 A^JlS J 

Ajs j 5" ^3 o jj^/Li .IwLwoJl kjAwJ>- ^jjs aE^>cJL^vw« A^-^j jA ^-^j>cJ1 j-^P L^lS” y- ^Lol 

CAjLjb>iJl Aj j-j> cJl a1_iSsJ 1 ^jjs aJj ^3 < m JiXS ya y~J>- J^^l 


• (y>- ^ii) ^ jL^\ oU X ji^ ‘UAji-l ^JlP OiO 

^*il) La j*»\j l y oj-a jil j^\ JS- j-**S- <ulj ^-L^ - O&^lO 
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Jj >- jj *J3 Lai . J.iL*-a aJs-J j_j jl 4 _L j_*JL LgJ_P Jal*«.7 j 

L*>b>Jl LgJ JJJ j Lg_>J ypy>- ^3 <oLp AjLJLj ^ aJ^ j_>c_La A_oLa (^jl j3 l_g_Lo 

•^.y e '<^ jA-*^ 3 s " Lp^> (J l $ 

.*^Jl»jJl ^lp A*J>J ^~*~pJl ^3 ^^^>0 ‘•J J_*» LgjU aJJJL 
g*oU I^Ls .L*>UJl ^wy2j J»^_JLoJl dU ^J-p *LJ_*Jl cJJl ^y^LJl 

oLS" i Lo ^ a7 4_>c_^I j ^ ^>-^1 L>*JJJI c-ol5 j i J ^va> L>*JJJI ^*a <c!p 

^ cJwo-*JL^>l ^^Jl Ajj_^ 2_*J| A^-w?^! .aJ_*J| ^^J-P jj-L*Jl J^-~Jl y* 

^j-^*-a 33 jJ ^3 f- j-yg-J Lyg-J 1 Ja J*> (1) J_$J l) 1 ^-y^LoJl 

oLlJ j j_o ^P Jjl3 o j^>-SM J J*)l I ^j3 La I . b! ^LxJ Lfi^>J 

jLL t^JJ j-s^Jl Jlj La .^J2_*J?I ^_y 2 J>-! (j ^_L j L^-wJ? b/ ^\jL> 

<\J *~ _*/?bfl ^j/2 X X>. 7 J . wa>LL>J 3.5 j_7 (^£3 A J_y2_J Ly2_)l OUwwij ^_Jl 

0wLp <Lo-J ojLS* bl I JJ j c ajLLl>c_>j ob: jJ cJ3 J j_y^l ajJ»i>c_J| oLlJ>j j_JI j 


J%o *• ^_yJ I Jl 


C-^3 j^J I ^3 Lg_JL*J -L) jJ o J 


. A-lSJ^a i) j£j Jl IJ&j .oU*Jl 3Jp 


J-^Llp y>j>x~A^ ^X> jL ^y- 3 y 6 3 A. P3.ulAllvlS3.toS y* 3 ^ JvwsjjJ I J^j ^JLp 
J jJu j . luminescent t3gs AjJbJ-Jl oLL^^JJl j^l J L>j JJJiwJl oju^ 
(^1 ^y* oLJ j j-o UIp cuai_*-« JUL oLa^vJJI 

wLoJL*_j L^jI jJl d)i Aj^-jU aJJ^L^o A_^j jJJsJl J UJl clU >■ fl-ygJo j .L*>UJl 

J-pLJJ ^ ^1 ^- a ) L> j^>- JwoL>- 3 1 j-a ya L^_*_Ly2> j .L^_» y. >sj>- j^_5-bp 

IJ-A . A^P ^Jl ^ J AjLJ>c^3 ^ y>xj>cjj ( J>L-*> j*S> j I Jj t Aj j_s^>Jl CjIjJ j^j. Jl 

AP yoJ>!LA ^J^jsJ t A y/^J I 33 jJ O J*»LiJl U y^-\ Aj 1 


J_3^J>J Lj>-jj U_pLy2^J A^wajJJsJl JUJl 

A_) J_y 2_)J .f- j-ygJl J- --J O^LyJ ^j_^0 1 C ^ y> LyJJ I yo ^ j J>-\ 

Aj j_»j2_*Jl A^_yi? 'y I ^JJLiya ^jjs J^-JlLSJL> 3 ^JjLyJJl oSj& t 0^->-!j 

A^Jj C-^3 jJl ^3 JjL,^.U wL>- I J (1) jJ A^J-*Jl ; Aj>jjjj| 

,3s>- \j A ^ 

y ?\ jJJl 0^ Jj-d C .Ja ^ ^ -V-J A_J^\jL<Jl j^J-jLy^JJl Jj. 

b *»^ j I wt3^ . aJj^ ^ ) A_JxyP >s *|/? .) 0^ ^ I ^ g 3 Aj2-*^iw»-^\»oJ I 0 w\j w\_^c_] I 
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ol y L^iULiS'l jL>-J Quantum Dot Corporation IS jJ* ^ ^jLs^jLJI j (j jJ jL 
A_*3 jJL AjaJldl J^UnJ Qdot _Jl ^3 . Qdot A ^ ya l^L>eJCwd 

oCjljJl a_J_J| ( Vy_SC > uj . Aj j_v2- Jl L^l ^ j>- l ^ la ^>c-^ yo L^wo->t_j 

a*Jl+S 1 _ 8 ^SCiJl iS ji (_£l ^Jl l^-lSil Ajibi>c>5 jj>cj 


. a^j AJajLJl ^J^o-P 



. Qdot y I 1 8 ^j^vCJl 

. Quantum Dot Corporation '. ISyi Aiil y> Jl*j C— 
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obij obj^aJI — 9 


lZjL jS^j ZL>lXdl SjIjJI ojL&y ^Jzs>- LjjJ)) 
.((^JjljjJl L^2 j / ^y> VwLi 

Stan Williams ysLLj 
. HP aS" jL Jl ^yj j-i5sJl dlJLSwJl o y>o 


142 oLj yh SsJlj t LgJsUJlj «• j^aJl 5SU? ■ 

147 ^ j »cJ £ h 

149 *jj3}\ J A> ■ 

150 aJL«jC~uIj «• ■ 

152 oUj^J)(l ■ 

153 4jjjbJI ^uUI b 

154 AjjJaJl b 

155 /IjJUl ■ 

157 £>\yA\j oU>Jl ■ 

159 oLL^I ■ 
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Aj 


jLaUL ^JL>cJl ^Ljia*!>\J j}\ ^iljJl J-oo ^Jl olo j ^x5sJ^/l cools' 

jl ^Lp L^-jjJJLoJ A_*_3 jJCoJ I AjL^jJI Aj >-| jj ol oj ^xSvJ^/l A_pL*/2_3 .Aj^jLUI 
^.A j t LJ LxJl ^_jI 1 ApLig oLLAj ^3 ol j^xj (J L>oL I 4 JUU: ^3 

1 aLSLl»JI oJ_gJ a_l^Low« U ^_L>- 0w\_p jj jj a_) j_,LJl aJUjJI j . JjIjlJI /^_p 
j yj oljA^Jl Jjjj ^“AJl y Jy.il y> yS^J U-'i y=~J 

|j»Aj ^Ul oL>- ^LJl 4^_3 wX^J| ^jzJxj La ^3j t ji>-l jLSLa 

. pervasive computing a^^*J| A»»^*i^.^cJ L La ^Lp ^ ^ ^ 1)1 lg * ) ^^A.U g . U ' 

AP l_w? J 0 L 0 J jJLSU^J Ij CjLj ^.. yg.-JJ Aj j_jLJ| AjLajJl A_U_P ^ jJgJu La jl ^ | 
ol^AA/g.I ^JL_>cJ . J^yaii j jJ~^> I Aj j jS^a ^j! j_Jj £_Ly? I j-^-5" (^j-Aj AiUgJl 

wtj ^*J L a_L>«*>^^LI 3 ^Ls^o«J I wC^p LIj-a ^ l ^J*S" ^ 1 ^ ^ ^ " , | ^ * % *** n **^ a»o A-L-^-A^ a 
.LJI L^-Jl*j j L^_Lj j^-SL C-— p>o ol jj>c_^JIj ^ljiSLoJI ^^3 ^jSUI 


AjLLSLj o3 


a-ELL 


^tlL) J wLp>- 3 j 3 j-a I 3 J *>L*-3 Ulo-P A^*woLLJ| AiUgJJ *>Lj jJ>J 

f-\ j j?\ ^j*a AP jl«Aa ALalS" LljJj>-j LaJLU j-Ag-'^l ^ j-i jJl AjaISsj ^a ^Jj| 

CJ L-AwUgjU 1 jlL a-lj^ LlJp>- L_*-w*i A_o_; jj .aJ ^-La 03 jL> U ^_*jg| jl A_3 Lyg 

Aj j_v2-J|j A^jj jJLSD^/ I 3 1 ^o-U Lal_*J| CjL/ L>c_^J I ^_9 Aj^jLJI aJLa^JI tj L o-*_1a-*j L 
Aj'y i LoLaj LaJ_fij fj jjLJl CjLI L>c-a J^s 1 jjt ^JwAa-eJl I J-A ( J^Jj C A^Jaoc<J' J 

. CyLa j_LcJ| AjLaj t ^ Aa JwAl-oJ I Aj LaJ 1 ^ j Aj^jLJI Aj LaiJ I ^jl^LoJl 

jjLJI oLfl^Jg-j j-LS"! oJ-P ^1 j_) ^j_js oL J j-X5sJ^fl jl I 

CjLa-wJaJ <L*_}j^/| (J j_ya_aJl (J jJ^I ^J-v2_aJl |j-A jLS" J_A3 ^^kj>- 

C AilJgJl j g- J A/g„il ^j-p JjVl 


J •> 3 


1JLJ 


. 03wL>c-a 


.oL™kocJl j oLJ j ^SLI^M y^'j 

C-'lJ y^> 5sJlj t f- yyiil Sill? 


AiUgJl ^1 yS\ ^_wo_>- ^J-v^l 3^-*-> <. Aj jl ^>cJl A3 LlgJ I j Aj j ^jJl AiUgJl 

3 j_3 jJl ^1 j_j!j ^_x_*_JgJl jLi-Jlj ^_>t^jlJlj Jg_a_JLi • ^ '*»»* 1 1 Jl J* 

I c cjLjJI j-yg.1 1 ^^5“ jjJl ojj ^ a^j Lo ^aJ LIS' cj I c_Sj I 

jJ>t- J ^Jl ULl A^wvwo-LJ| AiUgJl ^3 JJj .A^vwo-LJl AiUgJl Jg L aU^J OULU! AAj ^J g 
^3 .AoL j-^SsJl AiUgJlj jJgj>Jl ^J| C ^J>L-a j^P ^3>o ^J-Pj C ^ LoJ I 

s* 

Ajj-sj>cJl aLSsJI ^Lo| ^3 j (. AiUgJl LJ yi ^1 ^UjJl lL t ^ULJI a$Sjj 

j_A j-ygJl jl ^-^1 J-^l j^° lUJ .A_^>cJl oLjLSUI ^sy>->cJ ^-IwLiJl jj ^lil 
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oULJl oy>~j co^y L^aoM-i 4_) j5" AiL^gj c 4_ilia_U jJl jj_v2-^Jl 

. oljLwJa^Jl o j_A J^SD A> j j ^cJl j .CjIos j-L*o>Jl ^p j& y 

f-^Kp- La ^ iS'lj . cj L_ yg.*jj>J I ^os jClS" ^3 ^5 j-v^Jl <s~S ji Jl ^J..yg.j>o 

I Aj j_CjJl 3 ! j-oJl o-J jjJ oUaJl Jwo-*JCC> ^Jl oULsJl ^A ^LwOwA 1 j 

l_C3lJg U j^j-i ^ y+p,.\ 1 <s~S jjJl jli IJJ . yj>*^S M 1 ^LoMj c LgJos 0 j_ScJ 

. 1-yg.J I A^oCo ^jJl P-lj^Jl Jo c Jaii 


J-JL*jJl AjJlo AP y^py^a y& ^j j-v^Jl jdJl jL^J>-J 


^3 ^j y*p ) i <s~S j^S I j5l ^os ^.^,3 J-*o t £3 1 jJl ^3j . aSLj LCJC oJ I AjjoLJI y* 

ciiio ^023 ' olJlcJl ^3 ^xJl cii_L) ^jos MhocS"! ^LS"! LlL^3 ^os |^-ol y > cJl 

=> „ ■* i. > s 4 

L*os t A-Jo>iJl ACo ^3 A$"jLCos tAjjolo Colo j_SLa OwLP CCP I ^~v 2 o 4_osjJjJ>cJl 
43 Ug <jLo-*JJolo ^5 j-paJl tw^S* ^Jl Jwo-*oj .AJliJl *Lo ^3 A3 jJLoJl aJL jJaJ\ 

A_C>c_Jj ^jos Co lo>- j J^j ^jo j_ScJ A-JL*oj C-o^~ jos CjI_L>s_2j J .yg .fl 1 ^swo-CJl f- y-*P 

. 43 Qo 3L>oMl CoLo>c_cJ I 0 J_A o3 jP' ^jos ^CJo j . j jj J jJl 

C JcpljLJl j5 " ^osj t ^yl j^Jl * ojj ^Jl 0 J_A ^3 A^vwoj AjjjIo ^o cto^lo A^oo 
^yP LygJos I j5l jOs yos j-— 3wLp yos ^jI AJo>c_Jo Ojbl A -Cjj 

oJo^j LfliCj ^vwOwCJl p- j-C 5 A3 LU ( jo 2 JLoo L^_La J^S" c 

jJSccj . light harvesting complex » j. ■>/?.. 11 

los ^3 A3 UaJ I J^LcJ ^yJl 4j»v2-Cw<>Jl 0 Co Lc^ 0 >ej I ^os Colo2_L>- ^joJ ^<>o>c-<>Jl 

^Jl (_^l c a^JLJI UjJI ajjoLJI AC-Jl ^\ JJciJ o^aL>- AiUaJl ^w2j L)i L^Co 

^p Oy Jl J ^pji.] iillaJl tJLo-^col <1)ISL« j-^ i^t_A JpLiJl ^5 " . Jp-LcJI y* 
J-»o2j ) i^,JcJl ^P ijj>- IwC^o Qy J^^i\ ^3wt jj . ( L^Aj ^Ow»^J A^locJl Ado>tCjl 

Jj-L> 0j3 ^joa i, aJLo ^ jj>- 1 Aojolo ACo aJ^-AcIcJ ( jZj * jolo 2 ^Jl Lo-^_Cj AiLwvwoJl 

o I o j^vioj . quinones oLjJo^SsJl aj y*P-& coLo^>- a^p->j 

3jl j_cJ Jo ^jo j_5Ld Aoj 4 o 3 ^Jg-La ^3 aJ jolCoJl 4Jo>c_cJl o J_A jLo-*JCol 

I oJoJ-C f-Lj^Jl ^3 AJgol yL& ^do Jo J_*o ^<uoj . f-LJL*Jl j-^P jjJ-^Jl 
oloLo j_3 ( joj_^o AoL^jJl ^_9 ^3 jcJ I Co ljo>e_cJ I o3 j_*o 

.^Lw>-^l ^JLp ^ L^Uo- j aUaJl j-^j 

LaJ-oLCj AiUaJl 0 j_A AjLJ>')j 1 j aLo^O>cJ| 0-io2_^oJl Aj^jLJI 4S'y&j > cos JgjcJo 

^j_P *A^ 0 >- JOS Co lj_>t-Jj Jw*o2olJ J^oCL^oj C f- y^p ,1 1 Jg_5cJo ! ^oCUg J Co Mo LJo>-P 
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AiUaJl aU ^-Lp ^U>c_JLlJ ->L>Jl o^Lp j ( Jwyg.>cJj caJUI oU>c_dJl 

.0 J^JLa A 3 Up l-^A-ycP JJ ^ Lp - o^I ^j -P Ao^>-LJl Ao jJ j^J 1 

LoUp*- ajUp ^UjIj ^vwo-JiJl <r y^> <l^^S jj < 2 j\ y*.^ >^j s-Ld ^JL> -^-a) 

AX3~\J J jJj>Jl aUIj s-LoJl ^1_*J A^v^-U Jpl j£> cU^*JUa>I dA3 . aLj jJp oA» UoJ»P 
J jj>«J O \y^>xZ s-U> j^JU/adS oUotAJ UaI jlSU^I j^Sl U1 .^jpLoJI ^ ojL>&g>iJl 
^JUUd ^^ Lp aJ j y>tLj> A-oLwow^S" aSUp ^Jl j I c s- U j _^_S" ^Jl 0 aSIJp 
A3 UaJ I aIp-wmI jj s-UJl jJa-JLj L^- Lp cj ^ygj>cJ' ^jSU>-> jjwL&> CpUj ^ p - 
Jpl ^ Jp ^wo->cJ . yyjjj^^I\ CjLL ^* ij _9 oUjj ^- J-Ai l Jj > L ^~ j I 

0 jJpj>- c_^-iJgJo L^U ^ J t A3 UaJ I wLJ j)J Os-Las' dpb d) ^jS\j cl)l ULij AoUo~U\Jl d)^p»cJl 
^jJl JJZ^^I 3jijJl jlj-P ^^Jlp) O^LjLo A JLj^S aSUp dJ jdl aULjp} JujJ>*j 
^ 3 ^Ld-k^l ^..la.*^ yS y lUJ .(LuLwo^S" Ajj ^ Pt - oJI A-™o-*lJl AiUaJl A^w? 
^vwo-jJl s- j_*jp aJ Up cj j->o olj^-pxJ <• photovoltaics oLJ j-v^ j-g-^Jl cJLp ^ 

. AoL j^S A 3 Up 0 ^ aa > Lo 


^_3 j->s-J ^-i-P Lo j-^A 3 j-^-S” A^*w<>-JLJ I A3 LiaJ I j_>t_j O j_p-^j Oj5 jJ 

Ao j-*/P j^-S\Jl cl) jSULJl b*!)L>- Jj>- jj .cl) jSUUUl Aa*pIp»-j c ^Jl 3| jjJl ^ULvAjI (JU-AdU 
i^UIao ^lll AoUl ^Ji! j-oJl c_5^-^ cJLaI^^I A^pL^.H j aJ^)woJ| Cj1s-L^o^/I ^3 

(s-*)L>“ aLlo^I ^LS"! L^LJ) a^u UJ I o^yS/l (. A 3 U 2 JJ U^o IjJ jJ 

Lo^ t ^j j^/gJl ^S' jjJ I 0 ^5"L>cJj .?- j-yg-li aJ Lip ^Jlx>-*jLm^j 

oIjjIj) ^Jl3 Lj c-A^aj Ja_i_^j (. Lg-^3 CjLoI j_* ^jjs <U>J ^^Ls .Ja_A3 

s 3 1 *./2 > ' cJL^-«jLw»»I c ^wL*jl« cl) j' o^Lp aj^L^I cl) j-SL-L*. 

^ j ^3 APxl^JuJl oN/UJl ^3wUj C S- j^Jl aJUp C (l-yg.J ' JiljJ 

^3 ^jJjLaXjj J- 4 ^^-i} *• J L -v^? A J ^ 1 ^Jl ^ jaJI j olJj ^x5sJ^/l Jl3L)J| 

^jjg Lv2 ^ jI ^jP Lo -^J 3 Up yy ^ j^}\ jLllI cl)L^-^o A 3 UaJ I aUJ >- 

^j ytS-i Aoli Jj>cJlU v ) jAjJlj oUj jjUsJ^/ 1 Uj J-*_j iJ j^J •*■ clr° ^UpJI 

jLJl clJJ^ ^jw<>-AL*^*j d^p*- c^yL j^° UiL- ^--p dplJj 

.<UL*Jl s- L> ASUd a^-o /^SUkj jl c s-L) ^JL a^a. L>- aJI j \ cJjds aj-LaJ 

^JjjpdJl cl) LS" (1)1 3 J_>o I A^woUxJ lj Aj3U/P,a 3^/ 1 djl jLdp'V I JjJ_*Jl «LoJ 

^J-p Ja^UvJI s- j-*/ 3 j!wU>j UJJ-i d^ 9 -^ . UUp ^^v^odJl 

owUUUl s-L ajUL5Uj c a»^wo-^jI oL>- j-Ui J-^dJ a_JU>j>-j t alL^j aj>-Uv^ 
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a*L>«J1 y> a~<L-*J 1 ^Jl jil ^a ^Jl ( «jI y>d\ Cy*J *L > yJ 

aJU? ya y^o j\jJLa ya A_olj yS^\ AiUaJl jlJJLa aJ^Jj <-3y^J 

yc j .(^Jj-jJl A3 Up ^lp *L J-^2>J ^y>x}\ Aill?) g- j-s^ dr° Lljl A^o 

aJ L yg.1 I L)Ua3 j LL-x^-w^l AaLSLj c aLJtJI £yy*2 ^=*"^1 ^Jw«l j^Jl 

LgJ-aj t A^JjjlxLl jlJlLJl ^3 (1)^1 y^~ i^f****> j-Il JjJ-flJl JwU/2-4 \ja] .L& aL>-*L1 J 
o->o yy>xj IdJ .a^vwo-^JI L>*}L>iJl cii-bJ a-Jj^I aaISDI j_g_9 <• oJ_>w>Jl cjL j/ jJl 

^UajJl ^Jl ^L-Sdl ^L-j^/1 ; l) 1 ^Jl_j . A_fl_L$LJl dU-j .fl.>cJ d*_JL^>- 

^Jj! UlkJl lil Ml C jjUdl A^*_v^ ^*-wLl <LflP ^fl-o 3 j-~*» C LSvo~a 

a ^jLSsJ g-1 ^-jo cjLJJp a_^Jj cujIS' j c a^jL^JI a_~oL~L1 cj LL yg-3 ' 

. LjIa ol 1 (_£.} Jp (jl Aj jjLll AjlfllJl ^3 ol> ^IflJJ La j .AilJaJl 

C_3 L^2_J I Olj jJlO ^J.,.yg„ ,>C-J 'y ^g-^wJ g -I ' J. yg Jl V WN-S" jjLl (jl ^3 (, UJ ^ 

aJLv^J a-^~_J j]\ ^_jLJ1 L_p cjLjLa» ^j^-1 0 L 3 IdJ .oLjj_>cJL t^jjl y 
yj j-ygJl yJ 1 LLj>-1 L ^_a A_w^*w<>_jJl a_£ LLJ 1 ^J-j y>aJ og-Lfl-S” y^*^j>n J 

oL/^>Jl ^^Ip j» jiJ a_>^JL <JL*_*jl^L artificial photosenthesis )1 

^Jl A^UI A*JoJ^>cJl A-JwJlj .A-JLL1 j A-^>~^oJl oL>t^xJl J.^,,3 j <=• j-yflJl 
^3 Jj>-jj c o>j/ L>eJl 1 ^ j . aLL>c_>3 '^y~^ ® w ^- > (_5-*L a_j L kJ 1 o-i_^J Jw<>-^jLvmJ 

ajjj^>ji aJl>ji .a j-^gJ 1 Aiii? lLp ,La 3 -b>-i j 

(j| .^>-''^1 1 _L 3 -A.il ^Jl iw^-flLlj c c_L3-3 (j j ^5L)fl a^>- jj LjJjp aj>L^jc<L1 

L yaJLa j/ 1 jljJLa (j'y t lj__^- La^J^ ^ Lw^vJ Lla-^vO ^lLI 0 La 

.lwb>- Lwm cjj^L (jl ^jSs-o-j ^j-Lajlil ^II L^JL»»jJj AX>c-jLl ^J-y^3 (j^j 5 

jl triads c^LojLll jl dyads oL>-jjJl L 1wL_a«J (_^ jr <w ^^J 

a_jj j^Jl ajjjLII AJwJl (j| (J j-aJJ A-sflj ^L'i °Laj .pentads oL^LjJl y^~ 

y c j ^wwo-cL 1 t- j-^a 3 -LflLj LaIj^I c ^jy>- cj! Jj>- j 5 j_p ^Lp y yj>zj 

.o?-Lfl5L ^_JLl ^jp j)j ji^J^fl J-^„v.:l a^La cjL>^>-j/l j)l 


^_lp A-ojLflJl AjjLfl-a Llj-Jl ^2_*_-_) A-Jj^PcJl Ajj-jLJI t _ 5 ^Jl c-fl-yaJo j 

A-*_y 2 -J ^^- 1 } AiL^l t C-fl-oL>cJl (jj J-Ilj Ay 2 _flJ>s_L^J 1 aDlSLJI t ^il J-Ll C-ilyg jl 

.1 j-^> jJ^l (Jlj L (j^l y^ (jl .A^-wJlj A-^_wnJL> A-Ly£? CjL ( u\y>- 

AiUaJl J_fl_3 (. ^j^jJl g- j.^/3 I g-c_flL\Jl -i^l-flL j/ 1 o— IL aj 

^—^fljLlj (j j j_L 5 d^/l aJL>- ^ 5 -!} A-PtL-^JLoJ 1 O^UJl L j_j>cJl ]1 ^_3 jj_y 2 _flJlj 
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JlJ jjJ i>l$Jl ^3 d) I _\_>tJo ^j_»jJJl I 

i_3 l-yg, j i L>*}\_>- d)Lwi dU^ ^^3 <uLJj (. I la-JLjj IwLpIj LJj>cj Lgj>- jJ I y. yg-)l 


AjLjJaJl ^3j ^J_v2-aJI ^3 o J j5wUJl j_P 

j^/g P ‘-^- >c -*i ^ 4-0 <oLoJl 4^0>t_gJl 

wL^vuS"! ^oljo Lv2_» A-JwJl (_£ joU tw^Jg-3 (^olwL-Jl ^3 £• j..,yg. 1 1 ^2 JL<>»j 

A1>c^<J| A-JwJl o-Lkj .l«-U <Co>s-j> J-V223 <>c-JuJ| o t (JilJ ooLo2j) j»j-oluJl 

^xJl LkJj>-j (JjUI l— <3-ygj) 4_J_o? ^ ^J>-lj (e-^JjsxJl) <L> 4ojolJ <LJo 

.4jll5cJlj oe-Li^jlj jl cl— *>- ^jA 4-ljLk L>lj-o j3 jj (1)1 ^j5ooo 



oLV jJ! ^Jlp la tfiMjt ^JJI ^Jl^J! 4_~wJI 4-iUaJl jIJlJLs 
400 iajl-l J j-k £-LJ ia. Japril ^1 oJ«j>-Ij £***» ^3 o-l_>&dl 


jV A_) jjUI 


»LoJL&I 




JLlI iSUaJl 


^j2_o 1 3 ^ 
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L~Jl j Ad 3 M I jJajJl yA Aj <OJ^>sJLoJl AjakajJl AilkJl LlyA 

. La w\j>- ^j| LoJ_P LgJp j^»*jJl y^y> LlysLl dlL ^L^JjM J . *A^pLojy-M Ij Ajkl J 

aj M j 48 _Jl ^i_p L^-Lw- ]g,tf yjJl * j-s^? ^y o3jj>- yoJl aJlSLJI AiUaJli 

tquads .ilyS' 45000 y>J yjL~J ki^ysMl o^juJI oLM yJl y^ SjjU^uJl 

5wi>cj^Jl c^LM jJl LySLlyk yJl ^1 yMl y» ^kSDl aJLLJI jIjJLa yjL^oj 

La | . ^^*w^w»»vJ I yA yLuJl yA a!<JI ^y 0.2 y I ttal jS 94 j^>*-> 1997 j»Lp ^y 
ojl y>- o J->-j jL-La j j-J-a Lo yj yj»L*J j c I Jo>- Oj-^-5" aSLL o ^y3 ^1 ySLJl 
jljJLoo aJjIJLa iiUaJl ( y 2 j>cJ y y-l bljLPl 1—9 JSkJl yu . BTU A-oLk y 

<2-Li-^-LwvwA^ 0wL>t^oJ i dj lm y)i oi k^-M .a^^-^ji a$ Lki y^ jj i 

3 yi yJl y y>L Lo yiJ ylL*Jl ^y 4_SLlyL^v_<>J I A3 Lkll ^yj>- l)Ij t iiLkL) ^vJj 

|g-y>- Ml ^JjLoJ M <LjyJl iSLkJlj o3Jj>sJo>JI AiUaJl yL^A oJlj Laj .yjy£^>-Ml 

Jj>tj yA |j»Aj . aJ yy%o a - ( JS yL_*J ol ySko Lgjl ^A 1 ii M I ys I 

.ajjjLJI AjLidJ 


P yyail JlJ jj 

A3 Ik ^-Lol ^y g- yo^ (jL>-*JL»ol ^1 A-o yo^ j-$-^Jl d3 L*Lwkk I i. 9 wL£j 

! LaLoJ ( j-vuSL*J| ^J^q2J>c^ 3 f- yyflJl jlwLs^l oljj ^3 La I .AoL j-^- 5" jl kdLooJS" 

ill. Ml ^ j*a A-*-.. kJ | ^y A^oo . g- J-S ^ A»o L^^5* ^1 A-o L-^S - A3LL 

AjL^) ApI ^-L l ^J-w- 3 yA AXJ *)LLa C3 L-.sAaJLa j A-oly>- L^-Laj c * j-ygJl J«J yJ j^_5-Lp 

. f- yv^J I jj yll aLLca A»J_>y>- yu yJ I ( I 

Lo-& CoL j yLiil P-ys^ 5 ^ ^P^Jl ^LwS^oJl ^ys^3 L) I ^yLx-oJl yA 

^a LyA I jJa^? L oLjy>cJl ^Lgjo t^y-L^-JiMl g- yyaJl ^y . Lo yJ 0 y -LwA jLoLiJl 

A^tl^jLoJl oL->y>Jl di-L M c cujLoj yLiil <*—> y^->l ( yJ I L_j ySLIMi 

yjl y>cJl ^Ly2^oJl <r y^p aJL>- ^y La I . apI j-Jl lyj M *)Ll> ^yLl aaj ^JaJl ^y2_L> 

3wLJo) ojl jA>-j \f- y*/ 5 ^ l-^>“ aJLp ojl y>- A_>-j3 ^Jl ciLL^ y^>c-^J> y y>t-s3 

y?LL^jfMl Jy yA a_v£?U>- t L^s ^ji-y ^-^p J-^LJL y^j tAjjly>Jl iiLJaJl 


. ( C_3 yl5Lj ^Lw 2 -a yj jA J L yA j y 




^ ui' 


Dl 


La (^_jL ys jyS" J->- ^Jl g- ykJl jl-Lv^J (Jk 5 - yjLJl yLp JLi! 

g- yvgiU ^-L^»-oL I ^LiJlj . light emitting diodes (LEDs) ^ iL^Jl oLdLlJl 

_L>cL) j . h IJ cjLdLtiJl j_^_SsJl 4^L>x_IJ J^LLoJl LaLL j_a 
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l a)L>- yj y>cS i i > jjjJlj oU j jz£iy\ y\ c A_w%-S'L*doJl Ad>s-jJl y- 

0 JJ ^J! flj_A AjLjj . g- j-s^ jlwL^L Ll^ JJdo- LoLi 0wbU>c-<Jl iiUJl 

aJL> jl ^ } C ^jL j jJujJl C— > yy^\ ^_3 y3„>u ja I w\_>- 0 ^-^>-^1 

^3 ^ 5 Lyg^J Ij olXj^>cJl i c-oL-^j^ijsJl g- y& ^^3 .UUj 4j2_Li>c^ cjIs_»^>cJI 

L^c_) Lj *■ ^ -■. ■■. 3 g - ^_*j2_LJ A-^^»s*^j I ^ l»o j— j I ^ ^ 3 la I • AP^^—*— j A^" c »»* l^w^»^^c-J 1 

jl g-^y>&Jl AiUaJl y>s ^ylSj la j^J-i c_£*LJl t-_*JLl)lj jj jd^J^/l 

C-^>o jl lu U yj> A^jL^JdJl ddJl wUJw^S- £-Jl3 ^ L-L>t^s JjUl <-A */2 1 

■<L«* JS' ojl y>- wbwLo ^°) 

^3 L^jLi c ^J^l yJl <-3 1 > I ^Ip * j-v2-U aJ^JLoJ! oLjLiII ^..la.*^ 
y> A^jJ->cJl ^dJlj yjl c-3 L^. j j/ A^-*jJl Uj^Jl j .A-o j-s^ 3 j-g-5sJl ItA^Jl jlj 
jl .A^jj^j>j-^5sJl L*>\j>Jl y <Oja>-j^jl llj^Jl g- y^.il jlXv^l 

^SsJ .^Jl 3| J-^l L*A2 jI y* y* I ^j/3A>-\ (Jlj la Aduy>cJl olj^->dJl y 

^_£jJlj) y^a*c_^jJl C-j-*J>- C AjilSUlj ^LwJl jla^l lg_Laj C A_Jo^>sj! ^dJl jlj-° 

^^iil c ^wslj-cJl ^y^2ji]\ y oU ^Sj LoJ Lisjj . Ja-jo j>j J^ 5 

|^_LwJl ^^1 Lg-*/2-j^3j Lol .A-J->^>cJl CjLoLjJl iJl^ j5 (_^*-\J AJLP j^j>ujj ^_) L) 

C. T. Ho Seng j Tobin Marks <u L>» ^ jjLJl 

. j y*-^ y jy t L^>>lj>- (^w\J 

^1_p . l_A-wJajj I ^J_p ( y a»JLp ^u_owa1 1^ \.«J?„j\ jJ j\jJl Jl^jj 

^-3 \y ya j J . y a)I jLs j_U 0 ji ^>3 AXJjl^o A^>J t cJlL>Jl 

. ajJ_*_^ 0 jLj j/ L^Uc ^.1 y^~ LoLiol *)! yen a_*-^ j-a ajjjIJ a^j j_L? ^i_p oioi 
.Ls^jI Cj La-wyaJ j Lw 2 jaJl jL« jJl I -La (jL>-^l*>f| 

p- ^ 

jl ^jl_3jl_A ^3 J jJjL*t-j <LP y±j>x~a 4_j d^w^Li d-o-L^~ ^j_o d_3^ 

j j-^L> jl y5j>-> AjyjlJ oL-lloj ^Jl 3I yj i^jLv^jl ^p yiyg-oJl A^JaLad<jl ijjLw-'yi 
j^-v^l ^A A^JaladoJl jitA—*»Vl d-»l^ oL*-Jdjl o- 1 a .g- j-yg-U A_*jLa 

oLoLill A_jj jLi?-l ySLojj t aj L iS" ^^3 .aJU-JI gj^iJl 

oldLiJl y^J>- A3 j-kJJ ALOIS' 0 jlJ j y^3 JdoJ CjLa^JajJ I Jj>- oJlpI j g- y-ya.LJ A^jwoJl 
j^Jl aJLpj og-LiSjl aJLp g- j-yflJJ A^dwoJl djlJLiil y*j c~j I Jl> jJ j .^-^Jl aaSLaJI 

d^jl L^c_> 3 ^_3 j j) ^ Ja I L> 4_>c_L?-^vw<>J I oLdLlJ I ^_3 I ^j_la_-wvJl OwLj J_d j 

C Aj yJj-cJl t. AJlj^Jl djLjLj j Aj j_^v— vu^Jl Ajj^JI d-> js yJa_L« ^—^3 Jy3 A-yfl-^ 
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oLoLjJl 0 } ^3 JJLJI a^>-I j ^Lp ^_$j>cjJl ^Jj>Lwkj ^j>~y 

.AjjjLJI ^C-U *1 jpJ CjlA-Jacll Ao j»*a L^UJl j f- j-yaU 


f. ^yiJl Jbflj 


<, aJl j^ <u>J ^S\J ^*-1 aCw*> 30 ^J.^3 4-wo_k V 1 a*JL ca*y LaJ'y 1 jj 

^wU>Jl O-Lxj AsA-j-J Cj'y LaI Ja jiaa-j A-yjlp jo j_JxlP Owj Co ^olj A>jJj>- 

o'yuj'yi oisL^ cJl*^ oS/t ui . 0 ^ jjT o^/uryi ji^j ojisj) 

j_la_) 4 _^j>-j ^j-a) a^oIj^^p ^j^lj t<Cw>j- ^jblj j^Lo |j-ll-*-ll *bVl aJLp 

. (^JjLaCo 

<y^j >- 1 y Lo-*jLwo l> j^> Lo ^jl> < CC-C>J I cj * y L v2_j * y 1 ^_^wsAjo 

c 4_1_, jJaJ I CjL>- j-o-U Ajjj^Ij oUaj>s_>3 boC_9 .^^wJaC*-a j-^_^Jl c-i-JaJl A_aJc_>c->3 
OwLjwLCj ^1 j_>3 1 Cab A-*J j_ya CC^ LyaJl j c Ao j j_SjyJ I j 0 j-*-*/2 Ji )l ^1 j-jo jLl ^1 j-j 1 j 
I ^y^Ji^Jl Ladl £-L>tJl Aa>-jl y* 0 _C>-I J <L+J jygJl v 3 1— -3 ^y I C-olS" J . j,*./2„a) 1 

Aili^Jl a1jL& cj! jLJM ^JJL a^j j_v 2 Jl ^iUVl ^-Cj .^ajL^JI ^j_>jJL*Jl ^3 oJijL>o 

^>3 JNNI Cal yLS' ^J^j>o jl Ju>-I j t. jJ £-JaC~oj .aJIp A*3 jj j j o*l aS"j AP j-*~u 

cjULJI oljLo 


^JJjJl CjLp j+j* ^JwyaJ ^Jj . A-^vjj CC-3 jJl ^3 Ao j_yaJl CaLyJ ISooJl 


A_>3 


>j_Sja> c_» l—^_x jj c L& J_li_j w\_j>~ ^1 ^11 ^LJ'yi ji_Lj ^_L_p 

.l^jlol^j ^3 o 5 yJ>- j^yll CaLoj 

A-Jl_P bo jA 3 cJUl ^o ^-Ijoj oP 9 JJ^ ^j-O ^oljJl Ajiijij ^-^yy j Ls* j 

i» oj_a_*^j <ac-j ^uji a^ui ^o j_v2_ii c-jLyji J^5 .os-iysji 

o jU»^l j~oJ c-A^y-icJl o^L« ^j_p c-jLLc>tj jl c_^>o a^L>-IjJ| a_*_s ^_ aJ I 03 L* jV 
Jl.,^- 7 ^1) Ay_>^JaJl oUL^Jl Ailp'^yi jl 0 ^C*-Jl ( ^A C-i-jJl ^3 

.(a^>-jIJ>- ol-Lo^ jl cLjjjoi a_p-L>J| jj^ ^>3 jLwa'yi <_3 j/I jS/l 

^ j-p (^1 cojL5>l Ul>- jj^y jl AJb ^L>-IjJI iwjjJlj 


Aj^jIj ^Lo ACjLjl ySLoj 


Aj| 


, jlSjs^/l tpljJl 




] J cr^ 


jl>cJl 


A_) yj j 


■ 1 ^ Sr. 


■Ijli>l . J 'y I oljLiNl 

ji ^j-sbo-j ^ j- ya .ii ji j^i. 1 j^ljj • ^1 

b>“ j-o-t ji-oJ Ao j^saII ^iUVl ^3 ^-bl jJcll ^jAy-iJ A^b” ^11 Jol jJaJl jU C 

.L^c>cJL^yJ JbLjyjl oj_A JjLu Aojoldl Ajliill j .L^woj Lp-lCya 
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aJ Lo-*Jb*o 1 ^ p ^ 

^a A-b j *./2 \\ ^bLJ'yi ^-Lp oLa j_L*_<Jl ^JbLb> ^iJl A-JL>cJl olJULxJ! ^3 

Lf ^>- jJ <lJkj A-o J ^Jl A-o j_*j? CjIjLJM ^A bbLa j_L*_oJl ^Jj j_>cj (Sjj 1 
Aa >- jj C^>o A-o j-ya.Il CjL) jSLoJl *Lb ^jSLal ^jbD .L^b>cJL*j5j L^JljLwvw^ JjJlJ j 

oMUaJl Ajj j_Ia_ba f-Lb bJ_bj>- ,j_SLal A-J j_y2_ll CjI jLji^/ 1 J-L*b j JjLJ j |tj>t_v 2 j j 

^lp A-qjIS Jlo 15 <b*j A jj jliba (1)1 LbSLoJ C bU-S ( j-a ^iS"l . A3^ya A-j j_ya 

oLa j_L*~a d)j->o (jl ^5 j^/?J 1 ^w*>L>e_U <La jJaboJl cLLIj ^3 .JaJLs * j..ya..Il 

(J jl Jj JJLbj>- C <Lj j-ya j! A^sl jp jJ j-* bbl j jJj ^5 jl A-o j_ya ^jA?l jil ^Lp 

.bbLj ^SsJVl ^jA 'y wb P- j-ysJl (jLo-xbjL A-J-*jaJl oLLwv^>cJl f-\ y>~\j oUUl 

oL-LLjl AjjjL) o jsjx^+10 Aj j-yflj Olj^>u" e-Lb ^3 Jj-o-Xj Lb* A_JL*Jl 

L)l 3 I . Ab j^a 1 1 bbl jLJj^y 1 (J jl jj ^jA LLp (aJLLoJI <u^>-LJl ^ja 

£• j ya . 1 1 ^ ^3 1 ( 1 C f ^ ya 1 1 ^^jwbwJl ^j*a U A_^_*jj ^j,^1j_>ej ^-..^ ■» ,/? .«. ) 

^jjjbLxJl (1) jJLll oLjww^woJ>- ^3 L^l 3l jjjl ob-gj jlbul c5 bij .a j-ya.lL) 

l Aj <bJaj>- *^\J 1 ^bJl La ^3 A_Jj>bb>Jl C aJL>cJ1 Aj j-*-yaJl | /j5LJ <• Lo 

La3jJ .lb_a- 0 CbJlj La 0^j-w<k-*Jl L^jL-aLLa (jlj lbj>- Ay2ji>cba L^Jla-ljiS" (j I 

^_3wb j j-a (j jjli (jli ^y^Ji.] 1 lb_* ^3 OLJ J Lbbl3Lba ?-Uj1 0 1 jJ c_3 J-^a U 

(1)1 (> 1^A>- ^3 (0 AP j-^vO j-)lbJl |t-A-*-Jl A-o J A^o j-*-aL>cJl oil j-5s-oJl 

C-A>o O^^ax^oJl ^j-^JL) L^b J jJ j JlL 1 j . (Jlj La Ab j-ygJ 1 O^wL-oJl ^.la.x-a 

.^-oJjJl P J-*/ 5 

Aj j_*j 2-J1 bbl^-^_>tbL] A^>j^>Lx>Jl 3l j^oJJ ^5vo-j C 0 Jjb_P bbl^a 0 Lb I j LoJ 1^3 J J 

^j-Ssji-) ^-l^l Juv2_3l Lai .<L Jb^J>- bbLj L p jI ^|3l J-bll ^_3l_v2_)I ^i_P ^ J-A-> jl 
3l j-oJl A_j ^.>3 X) (_^bj| iJli J-^3 A ^ la ^"^AJl oL)j-v2-JJ J-Jl <bJ-P J j_^2J>Jl 
oJl*j . lithium niobate ^j^vbJJl oLjJ ^^Jlp a_^jUJ 1 dDu i^lJ>-j tojj-LbbJl 
^Ljoj A_Jb* 1 jJj t single-crystal ojjJlJI a>oL^1 oIj^-j^J 

CjL j-o ^Lp A-obLaJl J-vsJl ^Jjb^bll bbl^-^->tJ (1) U ^-a J .^vo->tbJl oL jJW? 

^bJl ob_* ^-Ji-yaJ j C Aj j_v2-Jl bbLa jJa_boJ 1 ^jjs 3b_P ^3 LJL>- j-b-jJl 

• c3L*j j>b3 ^^Lpj Loj-^ ti S?H 

3 Jj>bbv J C OLa^lj |*->cJ>cJ!j AjllSsbllj ^w4X>bjl Cb-A>- J^-a oLb*j>Jl t^L^J^AJ J 

L^jI 'yj C JjL* ^Ub*l t _ 5 -Lp A-Jaj>“tAJl Aj^v2-Jl 3 I J-o-ll (^Lp A-ojLaII AbjJj>cJl ^^^^bjl 
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4_Oo^J> cJl ^oLO-'SlI *1.3 4_-_3 ^ j->“1 ^L>c_> 3 (j^l ^Jo>- cJlj La 

-L*o <uJljJl A-o ^ oJl j-a A^g-g*- *)L] 1 Ao j-o 2 -J| ^1 j-oJL ( y)- w J Laj >( J^1 J-3l ol-ygol 

^w-*j1j oLL-JJ y> j-yg I 1 (Jjl-oJlj Lo j_vsJl a-ww»» joLJl ^-w 2 ^J Ljj j^p 
l A-Ju^g>cJl L LLJl c ^JjI joJl ol.yg j1 LLLj ^j-ygJ 3L>c-oJl 1-L& ."iJ— <31 

^jp o*LL^Jl jLo3*yi 1L-& ^ofOoj .a— L>p oj! j— £j>oJl Lg— 3 o j_SL a-L-aj 

j I c y>- * yp OwLJj ^1 p -Oo*J ^1 ^uig-?- *>\J I aj jP>^S\ .>1 j^oJl LL>o_-al A*-3g 

c_j2^-*_v2 * j-yg-ll j o^LoJl ^-o JpLLJl <1)1 ^Jl 1 jJioj ^ojl 3 Lg*}L> 

^JjOyg ^o>l A— *o2o 0-3 jJl ^-3 ^j-^~ 0 -L*J Ao LgOOo ")} I <l)l_3 ^J-yg^l O-g- j-a Lw^-*o 

aJj pj <. L*.yg-IL c-A-ygjo 4_Jg_g-^0l L>j-v2-Jl ^Ij-oJI Lj L>sJOjI 0 L 3 1-Li .^Loo*-^! 

jg>-l (jL>c-a 1-L&j c aJL>cJI o j-^j j3 j-SL .o^LLSLJl 

. alSL>woJ I o> Ld^Jg-L \j oL-b>3L ^L-o-a 


l a^-jLLoJI Lo j o>L-L^*Jl a—> L*J La L) Lo j^-yg,,) I Jo-uJl j ^JJLJl Lo L/ 

CjLj ^SL^M (1)1 ^Jl 1 jJgJ-3 .AO>c-Ja Oi-L-oo ^ * j_o2-)l ( Jwo-g-c_> ^3l CjL jo jjjJl 
^_--p L^jlS" js >- *Lol a! jo>s_iO<>Jl 3jl j-OJl ^a ^JypLLu <1)1 L^j-SLoo t A_o>t_Jj Oi-Lo>o 
LJLoJl l)^L*-oJ1 j^p ^JJLlL) ^j5L>oj t Lwv^vo o*!)LpLLJI oL-& L)} 


^1p ^ jO>cJ ji c e-lJL j^LcJl o j-5Lj La -O p .o?-Li5LJl ^JLp L)j 3L oi 
^Lp AiUg o^-L-a C v O*-OJ j Of-LLSL l] jJ>«OJ oL J ^x5sJ^/l <l)Ls CA_>j-Oj <PyS- 

j! t La^Lj-<>-]l ^j-P /*— : >-L-]| >c_*oJl ,O^L>Ll 6jl ^J-5L-*< 

(^.}J^3 Loj ol jlJlil ^3 Lai .*!>LLa J^j>tJl ( J-~_ 3 ^a oLa—Jgj ^3 1 J— La 

(^LLOl LLj>-1j c L$_pLw? j AiUgJl JU-LJ ^Jl LajLLoJl ^p ^-^“LJl j^gx-oJl 

L)Lo^)Lp L>-a^ ao^5”j ^ ^>j>c-a L j-w-U- ^Jw^-^Lvwj c— *< .^jjLS" 


^Jl >— — 3 Lyg-j .LajLLoJl ^p ^_>"LJl aSLUJI ^pl—yg ^3 4 _Lj>cO>J1 aj-OL-31 LLSLL-oJI 
oLSLoJl L^jU-La 1 y* j (. LJL*Jl ob^ jjJl ob Lo j olj-^_>oJl o 1 


: cbLoJlj ^ylJJl yZ-j j->cjJl A-LSLOa tL>-l jo Ao j_*_ygJl oL>JL^oJl j A-o j—*»L>cJl 
L-U—a jos ^LsJl o>1 jLo*yiJ ^SLo j c ioLoI j-^Jl (3^^ LI j^Loo toljl-Lls 

^J-*->- jOS-Ljo .0 J— yg-3 ij*^L-a^fl ^O LsLvoJl J <lJLp ob^ jOll J j^o La-Op ^g*-l 

^xJl A-oj— aL>cJl olSLoJl oLUj ^3 LLSLioLl oJ-& Lj-Ox-a j 1 L j y>^ ii'^Lo'y 1 
.A-LalSOa ojL ^j-o-og OL)^ j-JL>oJ AjLLj j-a A^oo Ao 1 C Co 3*^ L^° 


jpg-o j_>oJ 1 L_L5Loa 3 jj>oo 1-^03 LIS' j Lj j-SLoJl L>to ^oJl apL*> 33 jJ ^L^jl J 
^ ^.ol j_>c_Jl Lai .A— -*<L-al iO>L^Lp A_>JjLjlo>Jl ^j_P (J Lo_>- Ljj 1 ^^_>c_yOLJlj 
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^ L^j L/ y<uLSLu<>Jl yjLA ^Lp Lo yjJ LxU^a Lo j^, yfl.,1 1 oly^-PxLlj 

. Lo j^aJ I oljljJl oljLJM L> ly ya oJj>-Ij o-La j . LoL y_SL!l o L>c_uJ 1 

oUj j y^J)ll 

t o^/LvfiJ^lj ^-wa> j_^>c_U -aL^^M DLauJI ^j-Jl oLUjjJlSD^/1 

^y 0 yjJ_ALa LUa A_Ls Ol .LoAjI A— 5" *}L^JU-a 1 <L^vwJ jJl oU ^SCoJlj 

liya-jo jl Ml t Crystal radio Ljjljl j_o l^Jl oy_>4 ji^LJ yL$L L>o y~Jl 

^1 yj>-l yp o y (J j I L*j^ . o *!>\j>t^>J I o Lo U,y?J 1 oLJj ySLL Ly I ^S-Lo 

L^jL Lwa^^^- A-O ^-^L»--L^»v») I ^TO ' ^ A_La L^L--^-! 1 —■* 1^ 1 U-] 1 ^ j»P ^%-Q J 1^»J I 

CjljAwJaJ y ^1 l_A jj ^JaJ (j 1 J C A^oLaP- LoLajj A_-pL<Uo>-lj LoL.,,a.X3 1 y j_3 ^jLoJ 

^3 j j-laJLoJl ^_)L*Jl ^3 I yjL>cUJl ^ J-P UU-Uow^A LoLaj A-aU_AUa 

^3 jJo CjLJ j ySLJ^AJ yjU>Jl jj ^JaLl yUL— oj .y> ^JLxJl (1) yJ 1 ya j^j>-Ml O-LxJl 
jl ^j>- yLl j—p y° Ll L.yg.j 1 LlLsj .A~i^*oJl J A-JLoJl yJUo>-LJl ya aJjLa Ulya 
LoLaj OJ JJ A^oJ; ySL La oL J yS\JM 1 y jJaj ^y ^JL>cJl lUaU_Aj (Jj_*~oo yJL— u 
ol o j yJl clLLJ ySL>o aJIj c L^^Ls^j oU j y^JMl ^J-op- Laj j-L 5 ^y y ^S" 

.AjyLJl LIaLI a!a*xI^j 

^Lp A-ooLaJ 1 yLl ^lp ^Lo J y^J*)Ll LuLUsLUa j^pJLi c_3 j—a t yS” yj I <^Jkj 

oUUJl ^5! ^ ^L^J! iJUJ! oUUJ! jV tJjSM fULj! ^ 

yp LvAjI L^-Ja tJ c_3 .La^jJj>- ^^3 ' tJ J-V2 jJl oL>cJl ^3 Lp jL~J 

o j-^Lj 1-La Ll^j>- jJo j .aJL^JI 5 o L aSLJ I ol^ a^-*> yLJJ A^sjt>LJl •o'^Ls^a yJlj j5"lj-Lll 
ya ^JlS" ^y aj^jLJI oLJ j y5Ll t)D LLjL^J! ol_A^JajJl cJLo-a| -Up yp LJ yU-1 ui 

y-a oJJUo-o-Jl oyb^jl y-a Ljfc J-^” t J CJ^y l_v2_J^ 1 L^l J— 1 -al 

1-La ^y?l j_p! y^-vi’ ^ l a— J 1 A_^i_>j .oLL—Jl ol j^—v^aj ^_o 1 jJl CjIjLI jJl 

LL La 3 y •l w ^'_^^ L-U>0 dj 'y L>c-L 1 ^Lyi ^Lp ?• j-v^Jl L !,«->,> i-_3 y*-*’ t > LSLl 1 
o U p y -La ^^Lp LjLa»- y>-Lwa ^^j>- L)LyLJl L LLJl j ^-LLl ‘—3 j— a oliuS"! <1)1 

.Lj^LaJI ^ ^-AxJl 


Aj 


jU 4 «. 2 JiLuJl y yL-<Jl jys (j^jli 


^Jl aJ>Aj Jjl jJajJl 


<Lj-Lij ^U_P V J~ 1^ i_5“® < '-lsL— wJl J_)J_P <JUw5jL-*«I jL^j>- (’if) 

.(^j>- a> Ujj^I jJl SjUi^fl j-oju-o ^ c UjL j^S 
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Lg_>l £-0 t o 0->l5 oLoj 1 olj JaJ o L> ^_>- j_) 1 Jjfc j c Lo-plJ jwLo 
(_£ Jj 1 ^Jp C^Ll^-j>cJ 1 ^5 ^w\_p JaJ (£ “J- 3 . ‘J.Jj-Lfl J I jJl ^3 OjU 

^j/is>- J\ ^c-5i ^ JL)1 ^J_p a^oJUJI 4 J UJ I JU J*j>- J 1 c ^^Aiw \. a ^ ^ 

J-wm 3jj>-j ^Jp J J 2 -J o*^P ‘Uj l )1 .opUS" ^JpIj cJjJlj 

^P JLJI 1 J-& ^-j>cJ>j J j-w jj .olj_) jJajJl oJ-A j! I L)j3 cJ^j>cj J 

(1)1 ojj ^-SJl J*Jl A*-Jaj aJLL*oJ1 Aj ^>J l JjL> J— Jl 3j Jj>Jl ^jJ^j 

^J_P JJaj aJ-J J v^jJl^ Jv£? ^Jp ( 1 )^^j LJ -J>tJ J j 

d)j ^Jj^/l t. -> J* J jU c 1 Jj>- 1 j ^--*»^jl jJ 1 LoJwJ>- ^j-S\J . A)ol ^3 J? 

(1)^^> Aj1 ^)w*j t^_3 ^-*P JJJl J-Lol^~<Jl ^J^pUs ^P ^P-lJl 
Jpl J? ^jp CU>Jl ^pJJU*o J 1 Jkj . Jwyg.3 ^»1 Jmj?j Jl>- ^3 (1)15* ( 1 )J l>c_v£?lj 

.AjJj-x-a AjjjIj ^jP ^s>~ j\ (. Lis' 0 wb J j>~ 

^_L~Jl ^Jl *J_*_3 Jol ^_Jl JI_v 2 j 1 ApLw? ^3 JaJJLlJl JjULJl cJ-v^j JjJ 
t a_JL>J 1 ^_s 1 j_JJl ^_3 J*J>U 1 jZu* j_)Lj 130 _Jl aJUU 0-j>e_«_vi3l jJLs . ^ j_jJJ 1 
^j_SsJ . a ^*- 1 Jj>- J/JJ-Jl oL-HJl cjJ JaJL^Jl JJ J ^ 1 ^olojJl J 

(J Lo-*JU*< L> ^ ^jLJl ^JuJl ^3 0 j*jk*/3.] 1 e-LwJuVl (1)13 LfljL-o aJ| lj ^-^1 LoJ La3j 

^^w 2 j (^jil ^JcS" ^ jJl aLo^I^vJ ^ JJl Cj!^ A^j j-yflJl apLUI CjL)Jj 

1 J_ft> ?- j-v 3 ^Jpj .^-w*>l JwL*_^j ^Jp^/I j->*-> •* JJLSJJl JL.yg.jl 

cl) jjli jl j_oJLwol L^LJjo ^Jl J^vu 0 j-^JJl o j c ajLLSJJI ^3 ^J^j'yi 

.J>l ^5! ci>Ml olJj^5J)/l ^Jjl ^w2J C J 

Sj^jUI »UI 

jLj I 4 JV Cj 1 ^» OwLp J ^3 ^ j_jLJ 1 ( 1 ) jj ^S vJl ^ > ^--_>1 <U_L> 

> •• *■ 

J jJJ Jl j!j_>J1 aj^L>-I ajjjUI .o^UJl UJ 0 wL) Jj>- aw? 

C lw)j>- 0 Lyfljl lJ->- A-^*»li AjjjLJI (^wolj'yij . aJ_ 3 iJ jl aJ- 3 iJ c-A^aJ 

.ol>Jl JN1 Jl <J-J jjL>cJ o-j>o L&jljo 


jJ J .jaLoJLk^Aj 1 J-J>- 


1 * ** J 


(1)1 ajj-jJJI oJ*!)AJ 5Jo-jj 


JJ J jjj t oJJ^ J Cees Dekker Jo JJ ^UJlp 

JjUJj tIBM (^aJ ^^jjil OjJlJj c Jj J a^J- J PaulMcEuen jjjl 

J«o_*J (1)1 ^jJj>-j L-P’-'y 1 Jj j-jJJl t^w^jlJ'yi (1)1 ^jJjLjfc 4 _*_>j1_j>- ^_3 j_-_J 

> 

AjjjLJI ^-oJ^/1 jl CAjj_)LJ1 o-jLjLI 1 ^1 JJ 1 (1)1 OwJl jJ j .oljjJLy*«J_il JlS” 
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^lp LjLa jj OjL>tlJl o JjUJ j . OA-lgJw<>J 1 ^\S jl L *L*JgLALoJl 

jl ^j-SLo-3 C ^3 (J j^*jJ j^P -LLP C Aj jj LJ I c_^woL)^M Jpg-La (jl 1-L-a 

. <Oj jjLJJ aL^jj jL*3 j3jj 

3j-g_>cJl jJS j jj>t^J j-kj t I Jj>- ^Jla ^^aL-a^l AjjjLJI c^oLVl |*-ip jj. 
.AjjjLJI (1) jj ^SL!l ^wo 111 ( ^lp A_x*JLaJ 1 AjjjjJl aJ LjJl ^3 <L«*J ^Jl iLwo-j^LS"^ 1 
Ar^J^Aj ijlijL*j ^~jlj oU«l> J kiilj J-via'j 

LJ jjLS” Oj jjj <_£ j^Jlj ‘JLJl J>-jj^>-j j-ajLoj jJ" jJj L jS" j-^j 

Ajj-jLJI t^-oljVl oL>j_*_0 (^J_>4 dJ->e_j Jii j .A_oLaJ1 L_> jjjULS' j Oj jjJJl 
^ Lgjl ^Jlj C (^Ls^J'yi ^Jl Lgjl ^^Jl 1 j-lgJ3 . LoLa 1^^>J ^3 A-w^o jJl 

(. Aj j-yg_*Jl O La j_oP L^_} Oy?-li ^Jl ^L>^>cJl 0^*Jl ^fglj_>s_) (, A.ygJo 

^JjLoj ^jJa>J 1 ( 3 ^_*J L JL*JO j/ 1 j j3 A-p j_*_0 oLJ-Aj (JLo-*JLwa)Lj L^Jl j JJ (j li 

^jgl jgJl Ol3 AjjjLJI ^-oLVl i j*j A_*3l jJl (. AO>ti^Jl ^)Jl jli 1 J .1 j^S L>Jj>tJ 

<-3 yd\ J £pj>j>cJl 1 y>- CjI^ Aj jJaJl oLj^j><J 1 j c OwLgJl OjL j_£_$D1 j <LjLjJJ1 

(^A-oL'yi (. AjUgj ^Jp ^ J-^-> A-o j <2j Ij^_>sJ a-LJ L j^-a jJwJ ^jJ>J t oJ-J>cJl 

. Aj jjJl 


4j jiaJl oLJj ^S sJ^I I 

Oljj-5La A^dUJl Ajj^j2_*Jl J_*_Jl jl Ajj_*j2-J1 oLL>^J>cJ1 (J j^J-i 

aJ l^_La J C Aj jjJl c^oL^I (jLo-*JLwaL AjjLLa Aj Llj^Jl <L>JJjZS\ J| 

0^_*jJlj ^-S\J>c3Jl ^g-S Lyfl->- ^/2-*_>J t (^llil ^wOfcjJl (jLSLalj) L^-s^o £-*^-g-cjJl 
Aj oLjJgrJl (1)1 ^oj . O Lj^j>cJ 1 Lg_3 ^)Jl (^ Jl O^xjJlj) 

L^jIs C ^_}L/?Vl jLiJglj (1)1 jJgj3-)l J ^j j^Lv^J J-Jlj ^-o-aXJ1 L^Jwaj t Aj jJg (Jjl 

jLJl ^J-Aj ^-SsgxlJl ^J^JliL . AjL_*^a o J jjg ^L ^^5sJl ^J-Aj 

. A^w^wJgJ^a ^_^5vJl tJ jJL>tJL jl LjLwo-^S" La 1 CjLjJj>cJ1 ^3 

j>UjLa 1 ^>1 ^Jl Jw2_aJ 1 ^3 oj^S'wLoJl ^AAjJl ^&L>t-a J j} ^ Jg ^1-^^ 

J^-wWgljjJl ^j-waLxJl (J^L>t3 .A-JjJj>cJl CjLsJJ jJL^JVl (J L>c_jj ^3 ^j-w^aljJLa JgL*loj 


C j ^OJ jI 1 ^JjLa JjJoJL ^ ^-Aj (1)1 ( ^5Co-> A_Lvg_A^Jl oLj^>cJl (1)1 a-Lo-L^Jl ^_Oj! 

^js A_Lv2_>c^Jl ^3 1 j_Aj) aJUaJJ IwLjwLo ^ Lg-^9 jLjJI JJ ^-a d)lj 


A_*jLaLJ 1 A_LaLSOoJl 


3 1 jjl 


^3 LajL-ai jJ <• AjLll>c-a aJL t A^jLaJI A-J^LJl 

AjIj C <U_A-Olg»- A_Ajli Jl^I j_j (1) J^Lj 1)1 ^j-SLoj Aj jjLJI ^_^Jl (l)lj C ( L^_j L- a Lfl-a ( J^L> 
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jJj 1 ol jIjJI ^.3 aJ l_*_3 ^_L?1 jJ j c^LI oLl>^>JI J L<*_*jl*J ^SL^ 

L LSLa j -Lj wL>- 4_i ^oJl oliLdd^'yi Lp oJ-A OwLS"! 
otAw? j^Ji oLdJaJl o J_& JdoJj . Lo j yJJ)/ 1 djl^y^_>c_JJ cjL jJLa daLj^>Jl 

.<udy>Jl oL*JL>*^Jl ^d>- 4dj^>Jl £-^1 jL)l Cx**^ 4do^>Jl .J^L-aVI j\ 

oLLdJl J L LsLlS" <u_5s_^woJl jj>c J l ~ljJ ^Jl ^^j_> L> lJ-&j 

-L>sJ ^Japj 0^1 JL<j-> o^-LiSL olj-^_>cjJl oJ-A £_^>j>sJ <j| .LJL>Jl Lo^-^Ls-Jl 

. 4_Jo^>Jl CjLo J jjjJ^AJ 

/Ijjjl 

0j-^~ -g.~oJl (_£ ^j >-1 ‘° _} - ^ ^1 j\ ^-w^L>- e-Ld 

^IjJJl ^3 oLa j_L*-oJl Jjj>&j . J^-Vl J> jJa jl c^j^a ^j-oL-ol ^J*p oL« j_L*_<JI 
.^JjVl 4 ^^Jad*^J' ^ jdJl jJ 1 j 3 j j_gJa -L^a L^JwO 4 jlJjL>t>J ^4 ^jl C-A^_*^*<l ^Jl 
^Jl cjLa ^_L*-' oJl jI^LLa to jS\Xi\ oL)L$LaJ c^dv^>tj J^_aJL>j 

<iliS" ^yPj^aJ^Lj jj-a (JjJli <U LjJ La (jj-L> Lp^j t ^>_*~a J-w>- ^ Lg_>jJ>- 

^1p ^ j-L ( jfp\ Jj'Jl LJL>- ^SljJJl ^yi aJ| jja JJ Ls jj»lj 

1 <S>J oLL kiL ~J J_£Ld ^i_P oLa jJw*_oJl l)J_>cJ ! AJa_L*_oJl 

^Jl o j^UaJl ^o-wvJ jJ 1 l) 1 jj^ e-Ljl ^<aL>- jj A_La | j-AjJ A„J_P c_dJoj 

giant magneto- ^^JgjJt^Jl La j LL<JL> Id* a la: L<J ' L^-Jlp ^ jJJ 

. a^sjL j_g_$Gl A^AjLix>Jl ^3 A^-wvwLg-i^oJ ' tJ jJb>Jl (J j_*_a^j Lg_; w\_v 2 _ajj c resistance 

^bUl ^LjLI c— LLw’^j (0 ^1 1 d>ws I ' o yS^) ». > LL-Ld^LI ' I^LojlpLs 

a_pLws^ A_i^Lo-*Jl dAjLLx>Jl o ^JfcLt> 0 -L*j>- wLaJ jJl o I j_Lj *^3 

. L ^d*< jLJ-a 40 L&w\j! ^p (^ j^" ^lpLwm^ <uLs<aj| j3^l 

o J j>- 1 jJl O-Jl o^>" j-^>- ^2 -JwoJ ^SLowoJl ^j^A a_jj_jLJI ^dJl JL>-jcLwoL> j 

.s a j L^_jp-LLS"j o ^S* I JJl iiliS' c^LsLa Lv2-J-aj 

jJaJl) IBM Chris Murray (j\j y> jS Jl^p -L^iJJlJLj 

“ > 

S* > p. f. !* 

La3j oLlJI jjj>o . JL>c_oJ| |J_A ^_9 ^jj>-l Lj>cj ( J^ v a_s'y L>-3 (^-vwaL>«JI 

aJLJo JaLaJl o -L& ( jJLo->j t <Lw^Jal*-A AjjjL Ja Laj ( JJw« ^Lp ^Ij ^ 5 LLj j-^J 


La 1 .JpLjl 0 yJ LvvoJ 1 


ji K 


Jj>~ 


La 




^_Lo ^^ j >- L^J L- LLa ^a^Ld-> lwL>- 
^-*^Jaix^<J 1 J)^>Jl J^5\j *d\ 3 diJ^ ^p JL I oLaLLJI dp 
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LaJ I 0 j-} I 


3s>- IaJ .A_*_^J ^Jj>“|w\Jo (jl (_£j\ j->cJl ^^J>r-.,ig.U 

. A*.*.**.* Jg.*. A»wO ^ x ^ / 3 ' 


^Jl ^^Lv^-a] 1 ^3 ^Jww2jiiJLj LaL-JLsIJ ^1 t a>^jLJI apLJa J l jpl 
(jLo-XJU*<L> C (jLloJl ^Jp • AJLA_b3 OjJjLa C->l.i ^51 j-w2J>t J ^3 C ^->jL>cJlj 

^j-^LojjL; AP LJaJ I j ^JgUJl ^__LaJL Aj^jLJI ApLJaJl ^a Aj ^L? ApLJg AAj 
oL-alJLa ^Svo-oJl ^a C Lg-3 ^iL>buJl A*J>-I jJl A>.X*jJ L) ApLJaJI jl ^ jjLJl 

JglJbJl 0 J-A ^a aIsjL) ^jS CJ jJP-I l^li . CaI ^La jjU A*-yg-J ^b>- 4-0 1 j-3^/1 (jL£w> j/l 

l_^_Lo A_Ly? LaJI oliL^woJl ojLS" c (0 jl l) cjL^ j_L*_oJI o-b>- 1 j o-> ^Ap 
AP yJ>^o 100000 (j^A*- aJ ^-^- wvO ( ^SLal C oJj>-| jJl aJaJLJI { ^y\jLa (Jtbal 0 jZ+S* ^jLwv J 

. UU- LaJ) ^JL ^xil A>e_Av 2 JI ^J>cJ>cJ 0 ^Jp ^Jl AP ^-'-*’ ^-^l 

c<JLLoJI ^ ^Jp *® _^I5_U ap jdJia oUlSLaJ L)L>^jLJI aJ Lilli j ^>L*Jl yyj 

\Aj>-\j Ip jj S/l ^val>cJl ^3 ^Jl * 0 ^LSOl ^1 j-oJl ^jioJ ^ 

^^0-3 jJl ^?l ji \j (CD) A_jg| j^oJl yp\ ji'yu .Ay J. yg.il ^SljJJl yo 1?.A3 

A>^y2-Jl AjLiJl l^g.jl ^*>L3 j/ I j ^L**< j. oJl ^1 (DVD) 

.jJ*JJL> 0*1 jA Jl 1^3 Jy2J>o ^lll 

C j.s^S" Jj>- ^J| .iUj^l AoLu ^A aJL>cJ| A O Jygjl J /IjAJIj 

^Jp ^ J^J <K J^.yg.jj 0 A^dl Jp jJ ^^Jl ^S"ljjJlj . A>c-L?-^vwd ^L) ^j-ip ^ J-A> ^ 5 -^ 

o'yi^cJl L^3 oLj ^-L*_ oJl 3 t o^L^Jlj a J-V 2 JI (j-o aJ^LjuJI ol j-olxJl 

oLa ^-L*_oJl ol j^JJ I ^jwO-^JLwU ,lw\j>- OwUwLwa) Ajj^J (J yAS>- aJa-w«j| y> A-^-) Jj>cJl 

^Jlp (^jj-^-il ^j>s Jj^oj L& j^xj oLa (^1 C 0 ^5*1 JJl ^3 

aJlA^uJI Llj^Jl .0wL*iJl A >c-La ?• j-y2_) L^Ja-l ^j_SCo-J ^bll J I cSX^Jl 

^SCy La (j'y t ^L*j 1 Aj*>Ll) ^Jwygj Ol L^jI ^A Aj j_jLJ| A>^y 2 -Jl ^bJl oA^J 

^Ja_*_j o'! ^j-SLx>_j I^I_A^ . Ly2_>I L^--o^>- ^|_j c c_^^>c_3 o^LoJl ^Ja-w*> 

.|jj>- aJIp 0j>- oL)l5Lal j oI^-IaS" caI^ a> ^. ygj 

oU j ^j*a NJb ciaLj j^/ 2-JI tJL>-*jb<o s y Llj^> a^oJ 0 1 {£ y 0 1 ^j5Lo-> IjJ 
j->-l 0 Jjaj .A-^» j^>cJlj ^J-iaJwoJl jLJa ciJJi ^3 L^jLi C jS\jX}\ 

c-^-LiaJb J-^a_*jJ 1 a_*JLJI Ajj_y 2 -Jl caLJwAJlII oJ-A (jl ^ 5 -^ d^\ ^-LSCtwoJl oLs 

^1 y* jJ J-isJ Oj£j c_3 J .A3 jJ j-a j-P- oJlj La A^pLbyg Oljl5La|j ^1 y» y>- 
(j j/ JuJ-jJl Olj-^_>cjJ A^a j jAjl cll_Lj ^a ^Ju^-wal ^Ijlil ^3 L^J Lo-^JL^ ^ Aj 1 
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0 wLJj Ljja 1 l yjjjg.>- ^Jjj ^-Lp (1)1 wL^JL* 0 Lg_Ja Of- 1 jjlJl J L^-^Jwy^-J 

j jJaJ o 3 ^*-o LJL>- I wL. 3 I 4^5 j-s^J 1 ^SljdJlj .oJ->-!j <r y^p La y>- 


Olj-^_>tjJl J5 (1)1 £-a C UL>- 4oylj 4_> 4-Jjia)wa 4-Jo ^1 ^3 ^ jjLJl ^J-~Jl 

. 4j *>\jJ 1 ^1*^1 ^ O-Lo-P LJLl ^by Olxw- ji jj o_3 j-^ 4 jjjLJ1 

(JL^c_>j ^3 lw\_>- o j_^5" ol*-^ ob ^51 ^-L.y g-I ^ jJ>-l Jpl d— >- ^ jlsIj 

^3 UjJL j_>cJ1 LS jJI ^51 LjjLsIJ aJLl oLoj 

4j1j l 4-J^j>cJl If l* jl*o> (l)Jj>«J IjjJl ^Jo>^)J^o 4^wJaJl (1)1 boljj t ^j^«-aL>cJl ^Jw^JjJl 
( jL5'LjLa oJoP 4 _^o ySLJ - LS^XJl 4_Jo ^3 4_o j_-*»L>cJl oLa j_L*o>Jl (jjj^- Ly2o 1 ySboo 

£_Joo ^)Jl UjJl 4 -Jo 43 L&JJ 4oL5sJl J Of- 1 yd I 4 JL 4-P Lg_Ja C oilb j)txJ 
^ip (J j-v 2 _>cJ I 0 b dlb J . 4_>t_b>l J 4 Aj jjaj <P LJaJJ 4-J_4 j ^ I (J Lo-*J-wJ lo L^Jj j^J 
UjJlo ‘L^wo j_>- 43Lv^I <• LjjJl ^J»P ^ JJZj 4_*_^Jl 0 j~£j 4-yffl^j 43 jo j~a 0 j5b 

.<L-o-k'yi ya 4^Jlj 4 ^>-j^ ^J»P (jLl>cJl l-i-^ (1)3 Lxj>so <*-3 y^a l ^ jl jd I 0-b J-J 

^lp 4»Joy>cJl ^J3 1 jjJl 4 -oj joLSsJl 4_^*< jO>cJlj 4_oL*Jl jbljbJl y?->co La ^3j 

^Lo_v£2o oLL-^«o>Jl ^LJwUJ ySboo C y2 j_v2^>Jl 4 j>-j ^J. _Pj . Lyg-jl 4_*Jlo 4_>-j3 

oL j 55 y>- 4_LaL5L<J J-^-jcJwsJ jl magnetic spin valve 


j Lo ^ J oP 0 ^ Jw 4-^wl I J—<^JJ*o ^ ^ --w3 ' 0 ^3 .0 ^5|jJl a 4—^o^.^tJl ^ ' ^^3 

^3 oLwj3lj ^JJl ^ojJcJl ^Jul) jj>U j ^ojJJ oL j ^x5Ll| 

^-a I 4-%-o^.^tJ I 4-%-wJ I j*^*^**j ■ ( ^ ^ -sn—a L^c_l ' ^ ^ -3 4-^-a^_^_^LJ| 4^^^*i^.^cJ| y^ 

Cj|3 4Jo>t-jJl (1)1 t ^ ^ ^-^—1 lo ^ a ^. _ ) ^ wCj ^ ^ I J 4^-^^c « is^ 1 L -Oi-^»»^J 1 ^ o«— Owl I 

wLoJL*o ^JJl j ^ySsJ^/l ^J-5jJl 1 j-Ai J ss>-^i J3 j .jj ^-<>Jl ^-y**- 3 ^-v5L*-x>Jl ^ojJjJl 

iJla J yj Hector Abruoa Ujy I j JJj j5 j^>^a yo J 5 ^-»jJn!l ^Jlp 
4_^L>- ^ HongkunPark iJjL o y£-LJ> y-* j (Dan Ralph ^-aJIj jbj j-jjl 
^ jLaj-»lj wl^_*_a Ron Naaman L)LaU j jj Lpy-^-a cJyj .^jUjLa 
olJl^a| L^_Jaj t^L^-oJl ya j^sSL ^>L^Jl 4o^l j^^/l JJ’Ljjy^cJl OjJ_^a ( J^-jl y~*\ 

(1)1 Olj jJgJ.ll oJ_gJ y5\-ooj > Ug-Al^-o ^ 1 4_*-^5"L*JJa JJilJj ^i-v^LijJl ^Ju4)Jl 

.Jj>-1j ^iSj^ ®^^"l jJl l *^Jl L^-3 (l)y>o ^51 Jj 

ySJlj oLljJl 

mA> 


(jL>-«JJw-l ^^JlP 4j j ^ iCJl olu j 1 j 43 ylLoJl (^-^*>1 y>cJl ^.^,.<>.^7 

( J^lj J-^Ls) JlJu-a yjtj c field effect transistor ^iij>Jl Jj_*oLJl 
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^^Ip y\jy. S’ J-s^jJl A^JU- JjXJ ■■^r^ 

^^o-> l*» Ajj jjJ 1 Cj'yiwLwoJl oJ-A oj . ( AJol ^J-P ^£l) A-^3 ^_SL>&)Jl 

ajI^j LgJ aS*)Lp ^) logic gates aJLUiJI oU^Jl J JJipI aJLLl^j 
^J a^woJl ^p ^>o ^ JJl Bill Gates t ^JJL>cJl J ^x_a^_)1 ^^>x-<-*<^jI y 

jj>J IjJi^J i ^jLJ j-Jl JjJa^woJl oLl L s^.j ' A-JLlal-oJi oblj^Jl k 3 . L)Lj>-1 

.(^ -Ip £-^bJl jj-lil ^ ^Ip ^JJl ^j-JlSo^/I ji\ (. George Boole J j_> 

cilL y*J *• Lg-L>0 CjI jLX^/ AP y^ A»JliaL« ^1 y A^LlaJwoJl kJljLljjJl 

A^ilaJwoJl ol_>l j_Jl ^-v2_>j . NOT l yc^\j OR ^l^Ji^-'yij AND ^JalJcJl jjJl 
a^j ^J gjwoJ A^Jj>-lwtJl ^~*j>-j oL>cJL^oJl *Ll> IhSCo-j o ^51 jJl 

.<Cw<>»3 j]\ A«v^*< ^J>cJl ^_v<w5 ^-3 j y^i y\ J^} 1 ^jLo k^w^Jl 1 . A)L) w\j>- k > J^U- 

(1)1 ^5voj Aj^jLJI ^wJl (1) I AjjjLJI k^wuU^AJ ^3 \j y^\ (1)1 yy -t3 J 

(1)1 y£~y A_o! ^i^/1 oL)L>^> cJl (1)1 ^JJl ^o-*Jl A_^_a 1 llwtSJj <. jyL w*<Jj 1 jjJ LS" 

^j-P o ^>3 AjLo-> ^JJLj Cj L~*j LJL<>>j c ^-Li^xJl (J 1 j ^JLw*>J_il jJ ^JjLa (_)~ <> '"*“^ 

.(1) ^SCJ-«^Jl ^1 p A«JL>cJl ApUaJl CjLj^sj La ji 1 dlL tdjLw^lJLs 

aJL>cJ1 ^y ^LoSy ) *^Lv^lj jl Allx^J aJL>- ^3 olp j ^Jl o y>j 

^Ip ^5 wL^j>- ^-JaJ A-o llll aJL>cJ1 aTaj k^wligJo j .(j JjI ^J l 
aJL>«J 1 ^Jl aj>-L>sJ1 o-^aj a_j 1 j-Jl ^ < —^ x -. tj *• j-t 

1 j-A A_j Liu .^Jj'yi AjJL>“ ^Jl j yLuJ y\ j^S 1 J_^_>*Jl aJIj} J . A^jU A^j L i]! 

a_^_}^ . L^-3 k^-_P jj ^_^^1 1 o-La Jl Ja^s^ 3 jLip 0 y$ ■& ^ 1 Ajj>Ja^ 

^3 (_^1 ^3 o ^ IwLwoJl c ^ ^r >_ ^ CjLj ^SJs 

(jl ^Jl J-^2jaJl aJL>- ^3 (.yvj c J -va^J l aJL>- ^1 ^J-aJ jl ^1 J-v^j i3U- ^ 

A^»p ^Jl 'yj l^-Li-O y^lzj ^Jl Aj>-L>- •J^’ a)L>- ^1 

A»oljJ L^-jL A^s^L>cJl o j_A ( Q^p y j ^\ ^Jl ^j«^L>cJl ^y> L^J-Aj ^3 

.bistable jl^ii^l 

^i_P I^Lo-XpI ^J-vfijJl twAjLla^ yS A^Xj^>tJl ^)wJl 1 wLaJ 

ojw\_A^>Jl 1 lUj Lsj^j>cJJ C-J*- t a^5J^Lljw\J1 ^ 

A_Ua-oJl ^LS\-ji jl ^p ^_^Xp c (1) LLXJjL>t>3 (l)Lo^L« (l)Lcj-j L^J L) 1)1 JaLoj'yi ^_^Xp 


Jim 




(j^! Jij -J^'j ^ 


^ j_Lj LJjj-jLJLS’ ij<_^L>- (_g -kJ Fraser Stoddart o>jlij_x. 
t j£-*-± 4J! iHP IS y (_g JeJ Stan Williams j-aLJ j L)Llw*i 
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y>-i jLJ J jl J-aiJ rotaxanes oULJjIJj ^J l ( _ r L™J JLjcuO 

4^1 L^Lo-p > «uiiax<jJl 4 jLjL^? ^3 y>- ^^Ll*** 


oUloJI 


ax-. Ml Jj-a 1 Jo>- o^jwbt-a 4P ^-oo>t-a ^jp AjL>-^yi ^lp o-~»*o I j4>«Jl O j-s/ 2.3 I jJ 
jl c ( 4 -J 2 J 2 O 4ol jj ^J*s^>o U5) oU ji-*-oJl 4ojLLa ^J-*-3 ^y 3 <• bJa 

^3 L-o-S" ) oJ lo jo y£* I j I C ( 4— os I c_] I ^_9 L^-S" ) <Lw^_*j 

4_*_0 j_> cJl ^_9 Lo-5") oJJL*-a ‘Uws^5 Lj J ^Jol—- a ( Jo>~ I-T^ j' t (UjJI ^3 ^o> Jl 

c^o?l ^ p^I 4-LaLJa o-w^ol j_>*J1 l)| . aJo J_>J I oL_>eJl o jIp ji oolS" LoJ c ( 4 - 0 j ** Jl 

j jjJlo) ^JJ>- jJI 4-o >Lso- j ^L^Jl ^3 0 j_^_aJI j^o jj\ ^j-wi-sio LP^- 9 

J jL>- ^j-a C JJ-^-oJ ' J^_^o»oj C 4o Jpj 4o2_oglp ^-P 0 ^oLi? 4 ^o>- J-JJ t C ^^j-Soo—oJ ' 


V^jJlj .oJJL*OS 0 U jJg-Ja ^Oygj C V 4 J-oUxJl 0 Jp L^vwOO 


oil oljJ 


UJJ j>L*Jl 


jl JL^ 3- ^ Loo jLa 4_L*_>c_> L« j-& c archetecture 4JLJ0 ^1 c 1, 4 

. 3 jzS oL^JgJ ^3 ( J-o»*oo jl ^Jp ©j J lLJ! 4 j>too 

C 0 OlolSLaL lojJlo 4-w^» jJ>cJlj 4 - 0 j-^vJlj 4 — a j-LSJl <Oo 1 t. fl-pg-o 


^Jg.A> C Ij-oLa jLoP (^3 jo jl ^jo 9 .k~J L^-b>-J oU^JU .<OjJj>c-a Lgo La— Jgo (j! 
Lr° . L&J0J00 j L^of-Li 5 "j 0 j-wi_vgJl L^LoU-a j 4 -JL*Jl L^jIp j^» ^jp ^JgjJ 1 

4-0 j-vgJl 4-^*1 y>^\ 1^\ t ^J-ygj3.] ' 1 j_A ^3 L&LUL 3 IJ ^Jl oLLiJl ^-JgJL^o C ^ 

J^oJl t ijjJLJl Jlp U5UJI oljlaJlj ^jiJl oLJj^5D)/lj 05 

1 4JL>cJl o-^-al ^ 4-L<>^Lwvw4>Jl 4-^*>L-»>'yi oLLj^JIj ^aUsJl l)Lo-*jua>L 

O La 4-jg-^o L^-U>o La t 4-alp (j L)i ^Svooj 

.4-JL>Jl 


0^1 


a^lo 




l) joLiJ 


CjljjJg-Jl ^j-a j 


3-Ap ^ O^-^-si-wvJl ^Jp <pLk! ' 4-ooLiJl C oJul J I-<J I Loj Jjla 

^-P_>cJL] -Lp_*jJ| 0 Jo -LJo oULjo ^jo L*-a Lg_Lwg JO J 4-P_laJwoJl oil j_Jl ^j-a 

^Jj^jJl 4P LJaJ i ^^o ^3 4_LogLj>Jl 3 J-P-^i ul * 0 ^^ 4-alp 4-^>Jj 4-^o jO>- 

1 Jol jb (J Low*JL-*)lo L&^ojJgo ^j_Sooo 1 oULjJl ^1 j-jV I Jo>- ^o2j 

f- J- 02 JI 4j >- joj (J ^1? J-^J-*-j L^o j^5Lo jl ^j^-oo 4 J jJli .4-JL>cJl 

(J j_3 Jl_>^Jl J-^-Jl <K j-ygJ 1 ^Jo>«Lj . ( J-5ojJl 4pl_J^ ^_3 1 

4pLJaJ 1 ( j5o>oj .ol jjo jjL 10 j^*eo ^jp 4Jo>- j-a j j_L? ^ 
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oJ_A (j! C A-a-Jo^l ^Jww-3 L j-yfl-S 1 A^>- j-a (J j_l? g- j-yflj 

( *L>- j-oJl (J j-L> Ls^5\_P j ^Jl £_a 1.5 A3 UaJ 1 ) o A3 LL? ^iUjLoJ 

A-pLsJ^ (J Lo-*JLw<j 1 j+./S.Z.Aj'j . Lg-J_P tjLSs-Ji'yi ^j-> j_SLj aLXjI C-i_Lo (ji ^j-^o~> 

. ^ 3 L? 1 ^ yA A_Lwv»L>»*< ^1 I ^ ^ ^ Lp Ls^2j I La^^O»P i_T ^ J ' 


jJl ^J.^ji, 1 1 ^3 oj^S"wLoJl AJLi w\Jl apLJsJI jpl ^S vojj 
0 j-^-ygJl cjLSw-Vl 3jJL*-a OLfl-^Ls^? t 3 j_*_v2_) I ^jJL (. ^^jL>cJlj 

j^zS ^3 LJL>- <jL1_SsJo aJj ULa Lww^vU 4_v2_j2j>cJw« AjLLSLxj 

l)| . A_*_^*< j_oJl ^J-sA? ^^^-Lp oj^Ld */?.".] cli-Lj ipUaJl j_> jJa_> ‘LLSOs'^I 

L) j_>sJ ^JJLo-j oLl>j^>JI ^J-p ‘LojLiJl <L-> j_^L>cJl ^wJIj aJL3w\JI a-pLJsJI tj 

g-L-J ^ I I^\ l (^£2 ^-w<w2jJl o jZj aJUI ol ^ J i I jy~> L^*> JJ-& J L> ^$0 

i* o I Jj>-\ *X*_> c A_*_*JaJl a 1 *j 2 j La jl ^^L p Al.ygA^a <lj\Zjy>- j ol5i ^ 

. JU (J s> J\ J j] j^UI J "ojL‘1 
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National 
Nanotechno 1 ogy 
Initiative- 
- leading towards.;, 
the Next 

• ^ 4 * ** I *■ ? «r, ^ y ^ % * - 

Industrial hJevoNtion 


300nm 


^l)l 4jUixJJ <Uw O jiLwoJl ! ^]LJ! ^ajJl ‘L^jU <LJ«J Qjj- ! 1 1 

4-JLJ! <upL^a!I Sj^Jl ^)) 

• (1) J *** 1 ‘^*^ 3 '^’ 5**^" y“ -l*-* o j 1 1 ci.--~~.«.".9 1 
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43 ^JU! 4 J jL2>3 ^3 oj^yaJl o j»& 0*^° 1 2 _ 1 

3 ji ^jL~-> t oljJ U 1 2ijj .l^JL^J ^il! <b*- jJJ! j^o ol j-o jl J-L oj tJ^js as>- j] ^ . L) 

^j-y> Lj jJb <U ~Ji} ^ j3 j jZa ^jUJI ^-*»UL*Jl 

. Lucia Eames/Eames Office (www.eamesoffice.com) : J & yu?- Jj jisM 
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C • J ^ 4jjJ»*»a Ajjj\j ! 3 _ 2 ^jb^-Cj! 

^LLJIj LwLaJI ^yJl ^ j^<J! Jjij Jl^iVlj oL-liJ! I y& jl ^JVI 

. Richard Van Duyne, Northwestern University y>j>- iiil y> Jju 



t frlya* Jl Ol jiJl JiuJ . <UuLiJl o ^Ju^aJl objj^Jl ^,<3 «.« 1 £ol*J I 1 3 J^^Jl 

4jLoUJ| JJUjj 


Chemistry: The Central Science, 9/e, by Brown/ ! jJ-^ail ^JLJl jb 5JLil y> Jbo Sj j .,o ll 
LeMay/Bursten, © Pearson Education Inc., Upper Saddle River, NJ. 
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. L%*i (T^ "2 — 3 


^J! L«! i (‘UloIp) o j2 28 f*j^c}\ IAa ^-«-Js > 

-b*-l ^Jl Jaj^-jJl ^3 djij^ ^ 

! 4X3 1 j^o J_*j oj j^xJl C.--~--'3 1 

Chemistry: The Central Science, 9/e, by Brown/LeMay/Bursten, 
© Pearson Education Inc., Upper Saddle River, NJ. 



I ^iaj>cx (*— 0 UjJl 4 »^J jJJ (I) ! 3 — 3 ^5C-cJl 

i y*?x~S % )l\j I <ULoUJl c i y : y>-jjX^\ 4^Jlail ol j£. Jl JiuJ .Ixx y> Jl*jl)I 


Chemistry: The Central Science, 9/e, by Brown/LeMay/ '. ^y» jJ . jJl jb 4xi 
Bursten, © Pearson Education Inc., Upper Saddle River, NJ. 


1 y* 


J_*_) Oj J-./3-] 1 C- 
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jtAi J&r j+i : 4 - 3 JiLtJI 

<L!LJ!j <L^>- ^Jl 5- j 8+ jl jA ji\ 

Advanced Light Source, \ 4_ii I j_a J_*_j Sj j— yaJ 1 
Lawrence Berkeley National Laboratory. 


60 nm 


Rs seen os I men * tor rh*s people T . e I 1 me 
abo-i*. n j* .jr : _3t ’ .n. or J So •••• ^ar '« '- 0 ; 
peogf ir'scd T O' Joy eg *. t- 1 1 in- about 
•iKt^lc mot-or s -. (■ c: ’ r > r e the s* 2 e ot *he 
noil x i yci-T .n j!l tnj-;i . Hr.J ••vr* is 3 
dv . ict* on dii* p- r l’“' . '.hey • v I I •>!•' by ;h 

you can T he Lord’s Prater or. the bead 

rn. 5-t -hat's noth; no* that s tSe mjs r 
pr ( m' \ . h j I • : n<j t p, I • t f d * » V/i I 

irterd •*■ o d'scusc. It ie o s T agger ing ' y stki 1 


fjo r 


d t^at is belo*.j. In "rhe 


gear 


20S9. hen 


■they look boat ot ♦-hi 5 age. they • jl\ t 
•.•.•ond'» r .hi u ' r 'os j* ur--il the year 
1^5C tha-*- anybody began seriously to 
move In this. direction. 


400 nm 


P chard P. Feynman. 1PE0 


JiS j t 4jUdJ d* 


.1 j 1960 ^ Ip J oluJ UU)1 jJ! UlSJ! : 1 - 4 

** *• s > 

.Mirkin Group, Northwestern University : 4ii \ y> Jl*j oj waJl c— 
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o j • 2_4 

. Hers am Group, Northwestern University '. *j&\ y> Jju oj j^aJl 



® c£*^ 0 ^_L*JIj <LpLJaJ! <uJ^ 1 3 4 JSLd! 




.Mirkin Group, Northwestern University \lj>3\y> Juo oj j^aJl 
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4-J j ipUaJL jLkS 1 4 4 JiLtJl 

U j-j! ^3 jJl ^£3*^1 Ja^cJl 

. Dekker Group, Delft Institute of Technology '. <uil y> _l*j 3 j j^aJl 


ic-Lnl'i 



> 

ol ^J! L> IpLJaJJ ! 5 _ 4 

. 1^/2 Duyne Group, Northwestern University \ iiil j>j Jl*j Sj j^aJl c— 


168 






twJ ^ (( jJa^)) «J (^Lp'y I ^ 3 ) ( 7 ^ '6 — 4 

j^JaaJl ojlfc <uJaj ^Ja-wJl J-Jlj ^ JjL-^1 ^ o jj^aJl ^ 


. Stupp Group, Northwestern University '. aj&\ y> ~Uj oj j^aJl c— 
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j . jLjl jL^J-^ ! 7 — 4 ^Jb^^sJl 

/( j **> c j **> ^-A )LjLJI 

Yang Group, University of '. AJLil J_*_; o j j_vaJl 
California at Berkeley. 



hj j*£> j! > «LJT jji! 

t- . «■ 


w . • 

?-Ua>-*yi jl Jjil ^LoJ! j+S- iw->l^cJl ^ jJJ 


> UpL» jl h*3jj 


Jaj! jjJl ^-oJ jl 


. Mirkin Group, Northwestern University 


51 y> . 
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L) o \j c jJ! ow«.^Jl ^jLmJ! ^bLp 1 . 1 _ 5 

. Hupp Group, Northwestern University 5iil y> Jjo c— ~~iil 



O' 4 W“^ ^J-» j-laJl ^ 2 )l ^o-^»cJo . ^Ja.*J ^-oJ>cjJl ^*j'y>- s JLE ! 2 _ 5 .J-SwJ! 

^>*jb>e Jl ^la~%Jl ^1 p ^*»;«Ja)l |+Ja.*Jl J t o j. « ./all 4-Jijj^sJl oUj^oJ! 


. Stupp Group, Northwestern University '. iiil Juo 


172 




Hype 


3 



Lux Cuptliil _>•* 


JjUdJ Hype JJj : 4 _ 5 JiLiJI 

. Lux Capital 4iil y> Jl*j 
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i *LJJ <uLJl olJ jJLJ! . * LJlp ^ ! 1 — 6 ! 

*LjL*J! ^ j! I j .*Ul ^jA o jj£-> 4jLaL*J! Jaj ! jJi Jlj 

General Chemistry, 8/e, by Petrucci/Howard, ©Pearson Education, Inc.. '. ^ya 4iil y> Juu o~~yil 



<ulL^>c^JI oL^ULoJl . aJJ(L*jz <ujwJ : 2 - 6 

ol jj>cj>cJ! j o! j ^£i}\ JjLoJ ^_2idJ 

. Geoffrey Price, University of Tulsa '. 4jzil y> Jjo c— ~~iil 
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. NanoDry ! 3 — 6 

.Nano-Tex IS jjJl 5iil y> Jl*j 


,v 

y^W ~/\S'\s\ 

*£ 

• 

«$» 

W 

If » 

ji aV J#*' j!J j^u 
•Cmijl j jAiil li: j jSj 

1 ll 


J* £ V 


liiiwlj liiiulj 


^ J *>■ L*-a (J LS ^3 4 j^jUJ| J^U&Jl £g»>6J ‘UjL^S" ^ jJ! ! 1 — 7 
^jsJlX^u j j-L 4^oJ> w >Jl j?UJ! fl„yal7 .(^Jl^sJl oJLA> ^3 <U*»*^sJ! 0 j^^cJl) U jJb J^Ljj^I 


Lsj jJ I aj j^aJl ^3 j*s- J?LajJ1 

.Mirkin Group, Northwestern University ’. 5iil Juo c— 
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. Qdol y i*—* j . 1 — o ^ 

. Quantum Dot Corporation iasl J l*j < 



J «UaJI : 1 _ 9 JXJI 

Jl^S\ p ,3-L^uJI oLb_>JI 

,_5 JL31 JSUaJI 

C->Lb jJl ^J_P Ja.a — » 
^J_J JaJaj>n_«JI ^1 o-Ls-lj 4J-»- 
^>oS 400 iaiJI J ^is 
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LyiUl JUpSII _ 10 


178 jUoj^fi b 

179 ^ ^Jl ® 

182 4j^jLJ| 4jIJLJ! j t 4 j12i)Ij t<UJj£*gJl 4jUll)l b 

183 « z»a h 

188 ^ OjJJl fj j>- 1 ■ 


111 





.^ML oi ^^-JgJl LjjLJI LLaLI oLlSLaj Ljj w ^-*- j 
jjLJI tl)LS"j t o J-^>cJl $ L-v^jis LI 1 j»L,l ^LJl « JLJl ^SLl ^p Lu^-o 

C$1 <l)Lll Lj J-A-A ^J . ~-J AJl . dL_P ^jjfcljj (1)1 L« Jw.-yg, 3 1 

t (aJ jJ 1)15" Lo^a ) *}L*J t (J jJ>cJo c_3 j_*a L^LwLs^L 1 0 jdL^Jl CjLLLJI 
A^a j_aJ 1 ^a j_UJl AjL_^i .^JLLa (J j_*_A-a l_^_La ^JlSsJ (1)j^_> (1)1 JjTj-oJl ^a A_jl LI 1 
1 Ado~Ji La ^Jl LL^3 a^-dLlll j~dJ 1)1 J^SLo-j jjLJI Lp L w? (1)1 J-LL *uS" ^*« aLll 
j-<*jJl Lr° l£ j-'-~~° j-^j <• '■^■•^ 3 a_Lw*> 0 jjLs * (JLL>- ^JL*Jl ^3 jLIj. 2 jL_L« 

Lo-a A-OL^aX 3 1 0 ji jjLJI ^2j ‘>—9 j^a t LL^jJl ^3j .j1j-LL t ^- , L/2J Li-L*->o 

^3 (1)LM ol jL*Jl jl j^3La*J 1 jl ^J^oJ>dJl ^1 j*a jl oLy ^Jl olplw? aLp 

. Lo L*_<>jc>^a L^_lS" L^j-a ^51 (1) j_xj j_£ j c 0wL>w>Jl oLLI jJl 

^1p ^ jaJ Jl < ^-^ 2>5 ^Ua^aJl 1-L& ^Jl ol& jJgjJl aJL ^S\J 

^JLJ L)1 ^>- j-^1 Lr°j ^ jjLJI LpLw? ^p a_L-Ls cjLLo (JLo-^juxL j^_> oljdJ 
dJ l_P LL_3 j^-L L jjLJI LLaLI ^-p ^J>-ldJl Lj2d3Lll j_odJl ^j-a 0 A_*_*^J 

dulS" ^jJl (J jJ>o ^a c AiliaJlj ‘UP Id/?.) 1 aLwO-^SsJl Lgdaj C LJL>- OjJ>- j~oJl c? J-^l 
L^JVlj jlJbjLII SJbJLiJl ^.ddJl olj* (1)1 Jl I^lJj .^JLJl ^1 U^al^ll 
c5 ^ -Li c Lj j_;LJl LJ LLxJ 1 ^-Lp ^ j-Lj ^.xJl La jLL^Jl a_Aj>- IjJI 

LLdJl ^Jp 1 (1)1 jJlU^Jl ^Jp *^-^-vg-ll AjU Aj^jL duL>dda L^jLv^ JJ 

Lgd^_5L ^gLysL l]Lw^ (1) J-^L ‘ 9 J_*^ L^jl ^a to jdLa AP L^.l 1 oJjLa ^lp AjjjLJI 

.a^o jj ^Ls^L^/1 Jp 

‘U_LL .aj>c-.*< 1 jJl olpUg-Ll j ol5 ^Jj! jJp ajjjLJI LLaLI oLlSLaj j^a , iaj LI 
Lji ^iljJl (l)j_SL) *-_3 j-w*( (jl j-^aLll ^ 2 _*_) ^3 0 j-3 jdoJl oLISLaLll ^a O^LLdaLll 

dl 0 — J 1 ^ A 1 ^ ^ *<^*1 <p> J L) ^ J • 0 —d — ^ U LS* ^ 


(JjAj La t jk^] 1 ^jA ^jLLa 


jL JlL>- 


Lr* 


.JU1 ^ (I 


9') 




^3j . 0 j-^5sJl Ol5 ^dJJ Jj 1 JdoJl J-o-Ll jjp Aj-^1 ^oJL 0 j_AAj>cj (jl ^j^Lo-) La 1 j-*ZS 
^jA aj j LiJuL-*> 1 -XjI jp -^— ->“ j-ll (jj JaJl A_pjLJl (JLo-pL/I oLIL>J1 ^_la_*-a 

oLS'^dJl ^Jl ^ Jj ^L_5LJl Juo ^ tjLIj^ 10000 ^ 100 LJj 

jL&^jl ^^*-j_j c ^ t dj>-L .^L>dJl L^jI ^_Lp A_4_dJwoJlj oJUJL>Jl 

^ j ]g; 1 Ij_a 0 U 2000 j 1998 t j-o cjULajJI ^ j-** 1 
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A_pLw? L^j j jJgJp c_3 <UjL-SsJ| ^3 L»La j^S\_Al)l j i A3jL>c-a ^A_P 

.La j-o-j tjLo-x5"i ^-3 <yyi ^LaJIj j^lji 

tj-^J • j^M L^l j— woj/ I ^j-2 Aj j_jLJ| A_j L-AlJl ol_>tJLAa <lJ j ^ 1? JjL) 

N AjjUl oLUJl ^ olj^Lo Jl LJU ^1 oLSyJl jl ^ij^Jl 

jj j^-\ L^J_<>-sC^^o j»l>- 3l ^a ipLw? ^3 jl C -Jg-^3 jj J^k:il J jU>t-Jl ^3 

j»l>Jl 3 1 j-oJl dUj ^ J C A^pLwv^JI C^j^JLLxJ I j I Aj^LJI aJLaJI O J j> ^ j 

jLx>jjL^'yi tJlj L«j .A*.# 1/2 I 3 I 4jj_jLJI .iijL^'yij oLlJj_jjJI 

3l3^j i^_3 AjI ^ jj I APj L^J^oJ I AjIjLj^M ^*_P jj' Las^_ P? Aj jjbJl AjLaJI ^3 

•JLoJ j! <. y. SLJ| j jJa ^3 J_-_*_> w\^>- oJlj La ^jLJI A_pLw2_3 .1 \S 

jLa3jI ^j/3 o3LaCw*i j/ 1 dJj/>-j L^jjl^j d.Jwww.>“i La jlhSSu L-sA 3 jLJCCw*wa 

^j/2.a.> c^ojJ I j>- aJsLpjJI a-L<>j>sJIj 0 jJLJl o jjL>J ^SLJ . LajJLixj I aJLaJI 

1 ^<a j*s] JUj^-I A_o_!> jj_SL> c_ 3 A^Lg-oJl ^^LwoJlj J^JJjJl 

tajj • a^p-LlvaJI oJ-A ^L1 a3 ^3 ^j-j^aL^Jlj ajl^LJI oLS” ^-JlJIj 

a_jLv^| ^ oL<>->w\jLwvw<>Jl jLoAJL>cJl jLSLo'yi^ ^ojJl LLLjo *w3 j-w»i d)J3 ^J-v2 j>- 

cli-lj ^j-a A-^t)L>-'y I ^P LgJ LAwJaJ jJ^LL-a (J j5L> ^_3 JaLa*“^/L ^Ul 

.oLa jLcJl AjIaj ^3 O j-^-L 


ciUj (L)i '-/j t LoLlii>“l ^a CJ ^Jl ^j-a ^jLSLj La L>Jw\J 

^j-a L^_lSLoJ) 1 oL^Jl c-AyaJo i^Ul aJLalJLs .*!>L«-3 j^_L>- f-LL-p-'y I 

1 L_a ^ 3 j . LJ I 3 cjL J j>tJ ^J-p ^ jJgjJ 0->l5" L)[j t ^JlS"L*Lx>J 1 ciiij j^a j-LS" i^j^J 
AjI j_j j^-A J Ajj-jLJI AjLaxJI (JLo-P^/ A_La| ^Jl aJL>«J| ^Jl ^ jjaJo 

<_3 j^>j . L^-s^a jP^j jl ^Jl oLajJI ^P Lj>cj ^1^1 Aj I J-J I 

(_^ jj CAjj-jLJI AjIajJI (JLo-P^ SJuyLlI oLLSLa^fl ^Jl LvAj I 

d^-> ^Xj^/l) ^ j5 cia^wjl aj^LLo ^jJl j & ^Lol L^-^>~L>- j>J_p 

.Lajj^j (dotcom 


Sj^UI JUpSM 

£^Jl .oL jS W^5\J| ^a ^| Jj\ Aj^kj ^j| *1>L«3 Aj^jLJI AjLaJI w\_^_JLa ^.^AjI JaJ 

j_)L>c_^>J|j oL*-aL>Jl jj> L>c-a ^_A j (. ^jJLA^Jl C^->I^J| j_iLjL— a j_A jj'ill 

aJLajJI J ^j^La^-L) ‘LwJ J-aJI A^Jl L^-La A^a jSl>- Cj'^/LS'j 1 j Aw« ^_SL>J| 
A_„a j-aJI a s : ^ 11 j National Institute of Standards and Technology (NIST) 
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L ^}\ olSjJJl y* . National Institute of Health (NIH) 

Merck l_g_Laj c^jj^Jlj yjy*~sS\y ^.A.yg.111 j olJL^aJ cLLLi^J 

.(HP j-a Uj_p- Li_jLw- c— JLS” Agilent j 3Mj Kraft j Dowj IBMj 

y^jy>-y <j ixJiUl olS’^iJl y<. kiJliJl j 
. LjL>o L^J *)L*JLs-»> I y 1) y>u* y o j5ls I l)j olxol> 

oL^L^cJ'yi j-JlS" a^J j c ii^^jca c_3-La jjLJI ^_Lp <jl 
0->t-Jl c_3 ^w*> ^iLa *^L) a^-L>JI j . L^-3 1)1 lLw»x-UJ 

A^»£3 c__-J>tJ Lo-a ^JtSUl <U)J (Jlj La AjI ^ 1 t o3A>-a CjL&L>&J1 ^3 wL*S"LJL> 

o'yi^c-a e- j-*Io ^Jl <1)1 ^j_SLx>«J JJl A_>j_>LJ| ^Aw-JJ jjb ^->sJl ii jJuJl ^3 

^Jwo-xJl ^3 aJjQ? A-JLa ^J L~a ^j| A^>-L>- <U>J J .^LoJLk'yi ^Lp ^ y>^^ LTS" oJjwb- 
oL>l J J^a .AjjL>sJ oL>tJCwa ^J| C ^ jl C i^^yj_ <J 1 (^TJl 

(. ^y3J> t^oJl ^oT*Jl C*C>c_Jl yA ^'j^Jl IXg_) ^LaJI A~a j_Sl> cJl wC&L*~oJlj oL*-aL>cJl 

*L>Jl ^ j»L*Jl ( J^ Ua iil ^a j j-P^-JLa j»jJL 1)1 |^-oJl ^j-* 1)1 

0^wA_*JLa ^_5"l j-a wLaL_*_o»J1 1) j_£Lj l)lj C Lysis' Lo-P.S ^*_PwLj ^JL*Jl 

^3 |j-£> ^a o „5 j.S'l ^a OwLp l>L*-3 4 _^_j .Aj^jLJI aJLaJlU O Lv?-^-j>cJl1 ! 

(_£ jjJjj ^jlijL^J 1) J ^La yjj yj C^)l_*-aL>- L^-La t o J_>cJLoJl jJl 

J -fr*- a >■ J& yj yX^SSj LJjj-iJLS'j J IjjSj jljj-ij 

j-iL-U 

Jo-I 


ajjjLJI AjliJl ^L_>o 'V 1) ^SLLJ I aJLaxJ li!^ . MIT AlLixU 


l)li yJ LxJ I yj J_^_>c-a oL*-aL>cJl | 1)^ ^aj 

*)! ^-$-9 .^Lo^JLS' LjL>cJ yLo~& <. L^-Jl 4 ^jJL cl) y^-> i^Ul aJLajJI 


SjyJL 4_*_>jL>- L^-La o J_) J_P <cSLa\ ^3 ^y% o jjjl A_pl_A3 y^A ^TJl ^A-i-a^Vl 

a^>^ 3 ol^ oliLLLxSl ^ La I 1) j-Aj>5_) »^_3 y*A ^si^>-LJl jL5o . MIT 

A^aLil ka <L^_3 |jjLl>c_J 1)1 ^-^wLp ^_3 ^-a 1 ) yj y£j <-3 y^J <• j-y^ Aj jL>cj 

i ^ UajJl jl c ^JULIjlS'I <J Lo-*JL *^> ")! y/ 2 -j>-j oLla_p| y\ c jL^L-a 

yA >XA ySj Ji J .^-k*A_kl_*~a ^3 A-oLoJo^l A_L^gJl L^_*_v^J jl C ^-a ^<>»*Jl 

a_>j-jLJI aJUjJI ^JJIj f'^kS j ^ jJ *^h-*Si j 1) j_i^>-LJl 

.^UJl ^Ijg.tfj 1 ^Jl IjTaXAj ^ 0 oLv2Jj-*-J 
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4_) LajJ li jL>c_3 . Aj j-X-yflJl J-JwLJo ^ ^ J oL*^aL><Jl Js> 1_AO>-I *-J>e_J Lo I j_& J 
4 _>-j 3 ^Ayj LjwAj ^_w 2 _J L^-J_P (. -> J Jju jl ^ 2 j>c-J> V ^SLo-> I C 0 >La ^_L*_<Jl 

<0>J_P 43 yjs jLw*-^! |*Ji*-a ^3 jjLJI ^t-Lp ** ^r£-^l JjL>- L>tOa jl 

t*_^&l j^oJl ^3 t^J’ a,j3,J ^L> jj^L Ll .olj ySjA\ jO*^a ya o j*s>- j 4 jL^o-P 

.ASOLJI Aj^jLJI 4j L jJ 1 0> \S j^Sj j yfcl? £-^*ol b]_ 4_v^li>- c 1 (_£0>Jl ^Lp 

Aj LJj! ^JLp ^3 Llj^Jl ^g-x-o ^oOi o j-~3 4 j>c-^I jJl o j^SsJl olS" ^jJl La| 
^loNl j_]g_p- ^3 4_j ^_)LJl aJIJLJI J L^-o j jL*_s ^-Jajo^ L^Jwo ^-JlSo . aj j_j UJ l 

1 ^ 1 j^-^j 0 1 l 3 ^>"^«a j^-^-* *«— 3 y^> ^ C 4 jjJ o 3 ^_>- ^oJI 

^j-w-t-jl ^Jl .^LlajJl £_*-j j-ll ^_L_^Jl ^Lo j\J jL^Laj <LoJj LJLp 

^»c.jI 4_p1_Lv^ 0>LS" y^J 4_o' k y -Lw 5 0>Lp l_Av? 0> 15 j J-^~-' ' ^ -* 1 ^ I j-Jl 

4_A3 1 j-a ^J-P J j-v2j>J I ^-a 1 _£-LSLo»j 3 ^jLL> ^OJu 4_o ^ 0-*^2J I O LS" j_jJ li . 4_> J j_$La 

Ol j_LaJ|j 40 1 J-yg-oJ 1 Ailoj I ^J_P 4^S j-wa^l e-ljjJlj £-|j_*Jl ojbi 

^j| jjJl yX.'+.«./2A dlLUoj ^--Jl AjJ^^ij ^JwygJ ^Jl Ao ^jLjJl 0 jjJlj jLJl J 
I j-*AS j-Aj AoO oJ_£j C jL_La LgJLoO J3l ^>5 4 jj ^Ss^oJl 

43_jlllj 1 OlS j-jj I ^J.-yg.gi ^s>- 4jjI 


A^JL>- ^3 ^Jl oL) l^gji 4j>-| jj 0 j^SsJl CjLS" jJ*}\ y 

J_j J-—J J ^LoJLpI J jl J_i| pj a_} ^_^_3 .aJLaJlJI jl_A3jl 

ol ^j»-3 '-/jl a 5" jl kw^->c-j 3 wLjwL>cJI o jS s-^Jli . o-L)wj>eJ I ol^jj-^Jl 
w\J p-L^p'yij aJ-aLoJI j^jJI j ^~^l ^l-*-v3lj .a5 j_jJI ^ jL>- ^jjLj ^^1 1*^-*-° l 
^-LjI A? y&j>- ^3 o (J jI 4_P c-aL5s_xJ| o j^Li j ^-^-> ^ 

0 ^ f. > t- 

jlj L>oj j2S I oUtlJ 3 y>- y jl o-L) wL>cJl oU>cJLL<>jJ ySi^yj c aS” ^ jJl 

oLS* l y& o j-w-Sj| CjLS" j-jJl ^Ah-x^a jli y>- 1 4_^>-Lj y°J • Aj l-J>- ^J-3l O-jLS” 
^_Lp j La j jj_L*jj La ^3 a_v£?L>- c J-jIjjjj y^JsA ^_^2_>J" C^w?lj V.J-0-f- 
Global A3jj>-p cjIS^ ^ 3 ^jjjl y£* jL^j'yi -L*j dJJ3^ coJjJj>cJ| cjLLajJI 
^iS'l ojbl c^>J 63lp j jiLi o ^Jw 2 Jl a-s4?L>JI ol5 ^All Ul . Enron j Crossing 
a_^oJL*J| ol5 j_jJI j^Svj J_i c La Jj>- .^iLx^JJ <w? ^_p ^J»3lj a^I 

^_3j Jl j->-l a-Lv2_AJLwa| ^3 0^-Jw2Jl oL5 ^Jl JUu ^Ji»P jl o^-w-SJl 

^jLjw<Jl f-l jl L^J-a ^j>-LJ| ^3 yO^- y ^j.^s>cj jl ^Ju-3 o J_) Jj>Jl AjLaJI 

ol j_oJl J jL>t3 .ljO>- j^_SC jl L ^jLJJl . L^o >- ^3 t _5^l 
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c_Ju>- ^ jJwL j Ciscoj Lucent Technology jLlS' yL Jl Ai-jb~Jl 

obS” yL J ( j . *_~Jl ^Jbp j) j-«-p ^ j-*Lj Lo-^jLj y* b^ ^ * !l <— — pbcoJl 

^■bo j JgJ>- y\ ^Jl ^3 y2j>u ^ I 4 J Cjb^CCwoJ c-iJgb>- ^ jj>o t_ 5 ^ 

. ^**<b*>l ^cJwoJ 


.AjjjbJl ijlJbJl -i^w3 y s ^^ccoJl ^^y>cJl ^L>-> ^—3 AjcbbJl olS" ^JbJl b«l 
aSjLLoJI bi*dwoJ <5* Obioi^Jl ULo-l ^iSb ^L'yi oJ»& ^3j 

y-^ bDS 4 t j_>j_>-S/l t^oJcJ bUb^j^/ jl 4 c-» J_^3 ^jiUL ^ 

^.yg-) ^3 aJ L>_*JLw<j 1 Of-b-b ^*_P b>t_^J>s_vg ^JLo AjbibJl aS" ^_ bJl ^ ^ 4 .q. 9 . bl J_P 

^»— ^ b^j I 0 b*CCww^b I ^^Al^^wdl J.<^|^ 1 ^ .0 y^~ ^ 1 

.((ojjJi JjLsn o^v« ^iii ^Ua>- % yi 


4j^UI SjbfilJlj 4 4j^-i-l &UlJlj 4 <La-bfllll SjUbJl 

Aj jjUI aJ bbJ I ^-w«j b^_> ^*— 1 >»*o2j ^_3 ^xJl A-oL5vJb> j^jjbJ \ y>^ A_^_) 

b«JjboJl AjbbJl IipIw? b^j Oj J-I 2 J ^xJl aJL ^J aJl jJajJL j^SvJ .yS j 

y ^L>cjJ I ^Jl 0 j*J*.*0 , II AjLb bJ I ol5 ^bJ I ‘U.s a^>- ajj-j>cJ 1 AJbbJlj 

A bbJl ^Jgj ^3 ^UaJI J J> ^ J 0 •*— •* l£" ^bJl l) 1 y^~ (_ 5 ^ ^ Aj j jjJl AjbbJl 

Ajj ^J>~ 1 ^bJl ^—» Jg.xJ 1 y2-*/l3 ^Jl jJg-jl 4 (JbL<>Jl ^_5-bp .Aj^^s^bJl 

J^>J| j C-o ob« I AJb^J obpbL^g) L^wLaJL^JI AJh^jJl obS" j-Ji 
Microsoft b^Jw« cbw-^J oJjwb- obS'^.j. ^ j ,( Lr ~* t J J Jl j»bL<Jl ^ LwaJ^bJi 
A^jjJJl 015^-^iJb AjjbL« 4 Ciscoj eBayj Yahoo j Compaqj Dellj Applej 
^o! j^*J! jV IJla . Sony j Hitachi j Siemens j HP j IBM aS y j^Jl 

O jj-LaJ j I A_oj jJ olSb-Jij { ^ >Z - A (J* 1 ^ ^ Co aJj^woJI A^/ 2 J>x_*lJl 

.9-^ySl bi5 0 J_) Jj>- C^b>lCCs>3 O-jlS" 4 

jb y2-*-> b'i .b>boJ cliJ^ yA y2-^A^}\ C- 5^ -3 yJ>d\ AjbbJl bsl 

y? j-^J>cJ|j CjbwOj y}\ ^bwO-^S"j ?-b^>-'yi A^jIaJI 4Ajj^>cJ| AjbfldJl 

l)^ A^jy>Jl CjbbbJl dJUb bi 4 0 J_) Jj>- 4 ^jy>z^\ tJjlwCJlj 

OJwSb^ I jj . yj\jLx^\ y jjgjo A^v^bs-cJl Aj>t-wb ^Jl Jbo^'yi jblgj ^oJLwwoJl 

4^ I AAUbXdJl djlS"^»bJl I ^5*“^! 3 

bib 4 Pharmacia j Baxter j Abbott j Lilly j Pfizer j Glaxo j Merck 1^> 
iJlJbj! bl ^-^w 5 .j-^3b5_«Jl ip Lw? AdwOw^Jl ^3 jl yA obS" ^.bJl 
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1 ^ Ay C 4_^c_^" Lj ^ a L-S*^, o — L_ P . 1 1 ^ ^ J 1 *—_•• — ■— i—^~~ — L. 9 4— > ^ :>t-J l 

LJlS” oJ j^>- jJ L^Jl^jj-a ^.Ia*-a jl Jl 1 JaJ c Amgen j Genentech 

. 4^j-Lil 1 ois j *~ Jl Jj L^j>-L) j 1 Jg.*^a O-^ol -Lis 

o-L>-L>«Jl ollLiJl ^j-a ^-JlS" 4_i> J? i^j LJl iLiJl 1)1 ^Jj 1 Jgjj 


j' j' f-^UaJl J -~3 J-a 4 _k™j s-Lj.1 J-a JJUJ ^1 CO) qJgJLo-l 1 9 4 JLJk>ljJl 




,15oI 


<y 


^LwJoi 


• OJJ-^-s^JIJ 

4_iJJl j— P ^ j^-lg-*.^.) 1 


Lvi-*J t-lLLloJ <-_9 y^i LgjU *• J j^SsJ^M <t^w2^Jl OloduJl J ijjLJl JJl ^Lill 
(. (^ jJ >- 1 4— g»-Lj ^j-a . i> j— >cJl iiULJl y <lJL*J 1 AjLi)Jl oLpLw? ^j-a JS” 4 j>-j 1 ^j-a 

^_S £_ij Ji-L-oJl 4-jj_;ljJl ilLixJl O Lg—Jg-j Jj-a 1 j-JLS* 1)1 <Jj 1 Ji->j 

^Jg— 1)1 ^^->c— yg-ll ^-a 1 )j_SLj -LJLs c jiUgJl j 4 _p1jJ1j c - La— 3 1 j 1 

*>L*3 ^j_OjJ>- j-^Jl L^J 1 jL5" J<3 ^a 45" j-Lo-a 1) ^SL> e_9 j— a o j~S sJl oljl>s^Jl 

i^LJl olSJJJl jL>Jl^M 1)1 N ljub JSLJ dJUL? ^ 

J ijjLJl iLiJl J yj>- o j ^g-c^JLoJl o ^jLSl ol5 j-JL)1j ^j>cj>cJ 1 4jg^-a jJla C->15 j^lJlj 
c 4 j ^ j>cJl AlLiJl (JLo.p1 ^3 IwUS"! U-Uo <ij 15 ^dJl di-L d*-ii>~ -Lis .L>cj>-Ij 1)^^> 

c Lg_> <U^U>- i> j_X3 <L-SLLa yAs>~ y ol j^j>~ y CjI j j j—— *< j oL>dLa CJ j Jg L^j^ 

.La j9_o_P ^--P^AJ 1 jL5" L^Sl j-LLj ^Lis C ^LajJl ^*^>LL-a S y Aj j_*-a 4_>tJj clJJ jj O-LP j 
0 j^-i-vgJl ols” j-^Jl ^3 l)jj^Jg^>Jlj 1 )j .^-wO->cJl i>cJ-v22-a (jlS'j 

ip j—vu oL>sJLL<Jl jjjJaJ 1)V c o-L_>- ij^LvgJLsl ^_^>L5s-a 1 

^p*^\Jl o ^JL 4»J-«_s 4 — $*^L^jl->» 1 ^-L-a oL>cjiL<>Jl o 1 )Vj c o?-LiS"j 

^^Ip o ^~^Jl ^Jl j-^3j (jj-^Jl Jl J^f?l J^3 cJ*)L>- jysj J 
Jl_*-oJl 4^>c_^gl j ^--P cJlj La 4 j ^ jljJl ilLiJl jj JgJj JgLo-jl 1)1 

4_g_^_Ji 1) j-^Lj ^—3 yju-i L^jI ^^J-P' L)LLa1j_> V ^L^5iJl 1J_& ^Jjj-a 1)1 ^a C 1)^1 

.ia^Li^oJl iLiJl y 1 oLa ji*_oJl iliJ ^a 1 i y*s>d\ iLiJL 

y LoJwL-*i^y I »A ^ « «« £ 

<lJ 15" ^3 jLo-t^— a'y I ^j-a ^Ljjl i>c_> -L-S"LJLj ^Jv-o-oJl ^yA 4 JI ^-->c_s^g 
0 j-JsJl ijUj^Lw-M I oLiJl ( yA jZS y) i^jlj i liJ olj^L-a L^j-LJ 0 t '-^ J j^-o-P 

J-Lo ^Jl 4_i J 2 JI 1)1 C (^>c_L<>Jl 1 ^J>cjJ k S j-w- (Jl J-a^/l c <LJg jJ oL5 J^j 

CjLS" j-»iJl ^9 jLoj^l-a'Jl J JaJl ^ 3 i/g X3 1 ^9 jLo^l-a*>Li ojlj| ^LS^l 

oLS" ^-*^Jl ^3 1) k S ^l^Lg*-^! Jg-^-a 1)1 U-L^lj ^_P J->J C liJ .4 _PjLJ1 
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d)i apjLJI cj 15 ^jJl Li-U La ^JJ L5 jLJl wLoLoJl 1) L to ^jLl 

o j^_<J_*JC (jl j^>JJLwwoJlj 015 ^jJl JSJ La ^J J t A_J_P (1) j-SsJ 

Jj O j_*JL J>- 1 ^o OwbwLJ* <^-*-S> oU-U>l A_oJ OolS" Jjl) .^5>L<Jl 

(J j-v^ Jl ^3 L/2j1 A-oJ :2P blj>s <Uj (1)1 t ®<L LoLgO^J 1 (JLp'J Jpl ji 

odl Jlj tLxLLJl ol5jJJ oj-ijJl JUpVi Jo JJ JUl ^Ij Jl J*Jl 

. AIL LJ 1 dJ ^CwvJl ^»vgj ^3 us^' (O^l 

3C_*_j O-J J oLa J^oJl ^IjIaj (J L*_p 1 ^p LjjLJI LLLJ 1 JL-pI t aJj^>sJ 


/jL*_) A_> Jo *l5v_Lj (3 JL>- ^Jp - A_C_^ A_) ^oljJl aJLaxJU . 4_^>-LcLjl t J ^0>Jl ^j-a 

jl ^-~J ^jlAJl ^ajl jj-oUjj . Ljt^vo j Ip I jC>-1 LJo>ca^Jj Jjo Lj>- 

c-LLc*s-a ^^^oLJl ^J-p^ t j j^...»dL> 'y t dol ^ c*JL L)Ip ^o^jU 

^Jwo-j J 3 Co ^cjl JLp J Lai ^-Jl ^1 I ( j^2j- J jl JcJ^/1 ^3 L15 
Amazon.com oJ jdl J j-a ^Jaj j** Barnes and Noble a5 Jo ^^Jo 

LpI jjc>- 1 O-J 1 ^J_p a_^jLLJ 1 oljlScc'yi Jo>c_^J a-J_> L ii .5 ^joL^a <oJL_j j 
aJJOUJI OjjLal JjL>t-a ^.ygjl LJ Liij (Jl ^>-^1 | /^vO»-l ^3 Lg-O J ^Jv-JCa 
jl j-^l) « one-click ordering oJ_^J o Jc <*_JlU 1» _> ^LJl JpI JJ a_>Lo>J 

<j J-a )) (1)1 L j_o_P (J ^-LLj 1 ^a (l)Ml ^y^>\ Jj j .(^1 j-O-l 4-Jl |ju>* JuJl ^a 
i^j^j ^y> (Jj 1 Lio ^Jo aJp Js^2>sj (^dJl ^J-vJl ^Jj'Jl C_^-~5Ldl (J t WjjJl 

6 Ji 3 |»jwb LwJLcJl ^j-a LJLL LLsLa L-Lia_*J t 1-C wC>- Ljjwa 

Owcjl lU c _*_> j . jj l ^o-LJ ^ L-p Jl 0w ^ (O^-^ 

^a f-UaL-'J oUt-s>w2J 4Jw<w2o Jc j t L-L>LCa L ^2 j>c_C ^-^CJL^vO V 3 

t^_3 j^j J j lr^ t L*i^olj aJ wXjwCjl ^oLcJl (1)15 LJ .(J^^l Lio>0 AJCil jj3 
^J_p o J?.^JJ LotAp^J 1 ojJ_LJ1j o j_^-cJlj C*>UNlj (jSljJI L^JwLpU Jo-*JOvO 
(1)15 LJ LjjUI L)LaJ 1 JL>- ^3 LLoJ d)j5J 1-L& dJ^ *l? 

t ^^oj>cJ (1)1 owCJjsJl a_) jjUI ap L-U 1 &jj . Lj>- Lj j jj j Ja^Jl ^JcJl 

CC-jl5 J ^J>~ t LiJ^ JoLLa ^iJu (1)1 ljLo-*C-wol ^3 oP J ^Jl A_^j>J lj 

aj>-j ^3 o j~£ cip JSLxo (jl JJ» . L- j^j J5I j cl5 jLJl ^-5! 

•ao ol5 ^-*lJl ^o!A_3 J jLcc^l L5 j1 1 ajj L^LLcJl 


Ul jLst-wo'yi J a_L5 


^ J . cc'l/ Lv/2j "J 1 ApLs^ ^3 cJ-s^>- 1 olU Jw^ 3 t Lalo A^Co L^LLa ^jp 

> . * > * * 

ol jj ^-«- wJl cj15 ^_cJJ ^c-^>w^i LI .^^A-Ll to^i ^-s5n ^ 1 ^ 

^_3 ^_*>j LiJ^ oli t aOw^>J1 Jaa>*^LJ1 Jw^ ^a t Ip I A_^AiL*>'y 1 a^x^JJ 1 
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AjlidJ dl-b Jb ai j . ^ y>- j/ 1 lLj jj>c-J|j b j3 ^ 1 jj jla3 ^Jp *^\jli I-L3 

.b Ca3j J i>j^> Jl 

j-~J I ^bdpl *L>- J ^3 Jpl jP 4Ayflj <Ud 4j jjlJl 4j LjJl <JL>- ^3 

JaJ jl ca-j ^ja*yJ a 5 ^_a ^1 ^j>e_Lj ^SJb .oa->a_>Jl cabJa^Jl 


cr- 


Ul 


kiiii ( _ 5 viil 
«•! j-L 


;^j- 5 


•I jLlo 


r^' £i\y> O is UOXf-j .CJ^o)ll (jjljj 
^jj^yL) Jtvfij'yij j^>Jl Jb^ca-J I 

«J U^>1 J/23>“J C fr.ja*J bib J/2^- wiij 


JjVl fLLJl J baUl caJJ)/l calSJi JJJI Jl JJjl jd\ 


*J I 

*)! 4 _>^_jLJI b ULdl ^^2 j>c_> La ^3 jJJ .la_J ^L^jdso cal jUuJl dl.L> 
Jb»*a*J Jj>-\ JaJ (J <J} < x^-L>- ttd ^vwJ3 . jpbJl la_& Ja 

. ^ jj lj j.yaj>cJL»^wa JjbJ j I "kp^j j^Si j Jp ^ JL £^>1 t, -> 

(d^-!l ,_yjl ^_>aJl jj-^a x ^ .<>. ) i ai 

f-LJ^'yi a_3j c oa_jwXj>sJl cal j j j_^vJlj ^1 j_oJl ^LojlpN iSjj j-s^JI 

jl *yi c ca->a^>J ( J| ^woj>cjI j_Lj>-j old j jJl Jja>o aij <. o jas 

5a_> Ju^Jl cab>ca<»Jl i^b_b ^3 Jj >b3 jtSb JS" ^3 3 jj>- j»* J_*aJl I-L& 

.0 J J^a ^l^ 2 j lod^- 

Jp j L^_3 4_b*£?bas d^sJlaJ bljp ^J-p (_^ jJaai a_i *L> j_jbJl bbbJl jj ^ I 
.UoloJXP^/ ddp ^<3 0wXjaj>- 4 _pLw*£> j j_Sj ai j .d^ilcoJl ^ 

j-oJLi^oJlj cats" jJl I jl^<jl oa_A ^S" ^_p j-^ 

<Ij JsJl ^ajwoJl jj JaJ o-La jl jfelaj>-^j t Lv 2_>I 0 wXj~Xj>- caL <ad> c 
SJLO l.-vg.,-)! ^L*_j J> c Jg-^3 dwvjl_LoJl ^3 <d-4_P ^ cab 

^jja dJ js acl j_P I J^_*_3 jJo jl I j3 j_d> JjJJl j J ^JCC^w<Jl J .^JCwoJl ^-sdJ tj J^l 


^3 jJg-dl o^LpI^ (^.$^1 j jj b 1 ai cal ja^. aj jlJ 




sa_»a_a ^Jab-^ ^3 


ca lb j^«Lo-^_> I jj 15 bj dv^l-b t ^-^_>l jb>aiCw><l 


JI^pI oa^3 ,<d ^j>cJ I j I caL^aJJ b j^laJl cala--^>cJl J^3 wdA*cJl 
L^j^J j cab> jJzlS-g Jl ^cbsLSj^ ^JbLjwa <^5-^! ^bb^J jl c-^>c_j I caba_>sjjb 
Js^3 .jg-^ol ^^aJl ijjjUl cabxaaoJl L«l .^jb-cJl ^bdJl ^J| tJ j-v^ JJ 

. aJ jp wXJ^j jl dbjJl 3I ^<jl^ cabvw»c^Jl 


oa_>a_>cJl caL5 j_aJl b jLSoi c ca-j jja^/l ^3 1 j_>s jl ^_p ^J_p j 
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j *LoJ-*Jl Jj t ol5 ^jJl ^j-^lJl ojj J L 

Ojl J ^J-P °J^L3 Aj J-9 OjLj_ (^ ^-Aj 1 J- 1 J-^-* L)1 ^w-«->0 J j-— * a>j-<J1 £-j/j_Aj 

oLgOLO-Jl j-j jJajJ <jj 3 ^_g_jjJ (1 ) j_SLj <jl iw^>u j .o>l51 j_JuJ!j ^Ul j JLo-JI 

*Ud A-_*J O-LJO 4jli jJ lj^v2J>0 (1)1 l^^xJJ C 0->c-Jl (J J A^L^l C LgJL j^Jj 

0>15 ^_*lJ 1 ^3 j j ^-OCO^oJlj . Aj>o 1 j O^L>sJOa jj j-kJ j o J 2 — — -Jl 0>->cJ j^JUjI j~a 
o^l>ooJi aJi jjjlwvJ ^-Lii j-*Ji aJ j^— —> (j ^ jj i ^3 ji ajl5LJi 
( J Lww^u J_^-— Jl ^>s <jl5 JjJ . ( j-*>bJlj jL-pj/l <1)1 ^j>o ^-g-xSU <. oJj Jjjl 

Lai t ^Ijl J JaL>sj jl ^j>s ^2_b>o)l ^ jS Oj jJl olS" 

Llj Aj j^-yg-l ' -L>-XO y jl I 1-i-A (j j5o t-_3 j— —9 AjjjiljJ 1 AjjjLJI Li Loll 0>15 j-J» ^3 
55 j-jJ 1 O-Ow-sl Aj J o A_5LLa O J-A>- ^J-P AOjU 0>L>sJOa (j j_>OL> (1) j— —~ jj-<J 1 (1)15 
Jjjl5 (jj5\J t-_3 J— Ai 55 j-JLI! y» ^.^,,3 ^ygj <• L5Lo-a <jj5L> J l-LO-*» 1 (jli L^JlP 
p-AjlSol JJL ^a jpl J? A-oJ (1)1 £-aj .A~»AjJl A-yg— Jl ^Jl OJJ^M 

.a] j_g — -o oJlJcJ ^jLo-> *)} La lJ-£3 J^-I ^jUt-a ^Jj 

(1)1 <^J>y l_Owa j_JLSD| AOjUl Ajj-jLJI AjLJoJI 0>L5 ^»Lal (jj5L c_3 J-OJ 
(1)1 L^J-SLow) Oj J J I ^JO<5 Lg_pl ^Xj>- 1 J_*— 3 . 5 j j— > eJl AjULJI CjLS" ^j-a ^U>-L*Jo 

jl) Lo-^_)U5LLa ^ J-A^>- j! Lo-^J Lo-«JL-a 1 ^3 j-jJJ ^j/2~S>- J. Jl jl Lo-^J>-bol J jUj 

Applied t ^al-LiJl ^j-a .3 ^-J>Lwaj L55 (a5 ^-o 

j5Co-»j .JLJI J-jLLa ^ 2 _J^iJl ^1 J-ww Molecular Electronics j Nanotech 
La 1 -Laj l ^L-oJl ^JcwoJL Ai-yg ob o jj>u ^3 JLJI 1-La jL>jjc-*il o^LpI -L>-L*_> 
Applied Nano tech aSjJ> cJltJl .L^Jl^cCwa j** L^j5L<kj 

. ^J-.^>s_y-JLJ 1 jJaJD-J j_?*-T LpI ^j>-1 86 A^>-j (l)lj c ^1 j_lg>- 1 o<d j_> 68 *!)A_«-3 L^jjJ (1)1 
<1)15 l^jj .A— 31—^1 CjL3jL (JLoJJ (^3-Xj y ^_A L-A A-aL*Jl <L-^>c— j! ^JL- a^lj 
*)! oLS' ^_*lJl oj ^1 c aJ aJ_>-Lj aJs.?*- ^J-Lo_j (jl 4j5Lal L-315 ^JLoJl j^J-sjjJI 
.^Jlj^l ^^Lp (Jj w<J| Jw^2J>o ^ ^LJ (1)1 jl A~aj-o-P ^tw2j (1)1 ^Lj>o 

(l)b/ AjjlgnJl oL5-o-«Jl ^j-a aJljLa < m JL Jl5o J (1)1 jl 1 oJ-g-J J^5Lo-)J 
(J ^>c5l ^p aoj>-LJ 1 ^ ^>-b/l oLLlg.^Jl j J--> c -v-jJlj LJLJl Ajli ^!j ^jliiil ^ 1 -LpI 
j ji Jjjj . La^jI j-aj a 5 J_jj! 0-3 J ^j-a 1 jr^5 JjlO-vJ (jl ^j^Lo-J A-a j-^-P 0^15 
^3 ^J>tJj ( A-a j-o-P 0>15 ^Jl (J j_>Oj (jl Ajj— gs-cJ 1 Aj L oJl 0^15 ^j-a ^-55 

JLJI ^Ij L)15 151 5Ui Jl g\*Hj N Jii ajJLJI aIUJI ol5^o <jl Nl cdJJi 

. JISLil j-\5)L 1 jj J^a (JO>cJj j»j*>\Jl 
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jL~w« jjiL ''J j_a 3 ol jL>Jl jj* j-«Lx^oJl JLJ1 l)1 

1 j -> j ^ ^jjkUL . a _ j j _ jLJ 1 aJLLJI cj y>-$ cJjL>o ^xJl J^\ LgJL ^ I y* ^3 oLS" ^JLlJ 
i. aI^ ^-aL*-<*Jl tjLoJl (j-^lj •> - , L>e-s^ J l ^a (j'yi L _^ J>m LjjjLJI LllJLJl ^3 0 j-<J>- 




LL ^ 


l_5^ 3 -*-t U (_ 5 ^i JLoJl ^1 1 J- aJuLj ( 1)1 ( 1 )j ^ aL*_gJl 


N IJJ . 


^Jj'yi JL<Jl ^Ijj ^-^oJl J-^- 3 cS JJlJ-Jl ^ .4 _^_Lo_p 
^^ a! j_*Jl dlAj ^j-^J -‘ A ^- a j-S\J>cJl ^-°1 j-Jl d-> I j L^sJwL^ 1 ^ 

Small Business Innovation Research lj . * ./> ll 4 _Jl^_J| oljlSLii'b/l 
Small Business Technology Sj . * ./? ll SJLLjJl J^iS (SBIR) 


U-^jjJ j olS jJJl jy^y iJlS ^y» ^_j JLaJ jU_Jai~j jljJJl i Transfer (STTR) 

J yfi ytij . Loy^-J 4_) J_)UJ| 4 jIj2JlU jjjjl Oj-SL-oJl ijl J-a 4 ./? >- 

^alj j_j j jJ ^ cal jLy-woJl ,v>j .1996 ^Lp -U-a 4 _> j_jLJ| 4_j LS jcJ 1 olax-aljj^Jl 
oLS^—ij Small Business Administration (SBA) 5^ ■ » ./? ll ojtal 

i Small Business Investment Companies (SBICs) 5 ^JwaJl ^jUcJl ^ jL>J^y I 

4y<kJj .‘U^?ljs- ki) Lo-A Lyyd j 4«yd jSo>“ j-J (jlip>c_A tjlSjJCCLa tjCf^lj j-J CiwAj 

f. J f. * f. 

(I J>JuJl l^-yA*J ^SS) j^lCoJl JUl o-'j <Zj\S J+A ^jA OjL>c-a AP ^aJ>zA Lygj 1 

.jjLJl olwL ^Jl 

^3 A_$\J (j j-SLJ C^yg-1>-1 -X3 A»^a j_$L> tJl O^LS" jJl (1)1 OjLk^^/l j J->cj 

.LaJjaJCoJl LjLajJl CjIS ” ^ J _^3 Jaj ^jljJl AJ Li)Jl 

^Jww-3 ^a t L^J A^-p 1 jJ| CjLp j_xi^^>E_^Jl j t AjjjLJ! AjLa^JL) LdJ>- ^LoJXAl <LoJL3 

o j-J cNanoBusiness Alliance a_>jJU1 JI^pV! c-UL^J 


o^J» ^_3jJl ^ a_*J j-a ^ 5 ^-— d Newt Gingrich 

3 J ^ l j - s ^ c - i'yij L^_j ^ LoJL&'yi 1 j - J j- j>e -^ j-jJJl t !)!->> j-^-^ j~^~J (^ l £ j-^hxJl 

^-pjJl L ^_ v 2 - Jj 1 j jj ) Aj^jlxll AjUcJI o 3 jl yA ^jJC3 <\*S j -^ a'yi "k. A jS s^>cJlj 

. L &^ j jJ^j ^3 Jfi-klo JJ Jj ^ jiJ J ( iL ^ L-^'yi A - k^»AxJl cl-> ^ISUl 

a _ jj -^> cJ 1 aJL^JI ol 5 j ^ Jo j ) A » J _ ic<>Jl AjLiJl ol 5 c ^- L ^ L>o t ^- s ^ L^Jl ^3 


^jlj-<Jl ^s-Lf- L-dj-«S LIS’ o 


-J ur 


(La w\_P“ Oj-Gt >,/? ll 


! LL >- a ^ oJLp aj ^ jLJI AjliJl 1)1 jj& s _ 3 *) Lc>-' , y 1 lkL & < k _^ L*>»l Jj>~\j . a ^? L > cJ 1 (Jl yyi 


1)1 


C 5 5 


Xj ^/1 J oLa jLcJl AjLaj (_5 1 ^-*-*’1 A ^ s " ^Vl olS” j-jJl 


^3 ( 1 ) J 3 


. Lw«ol 9 L 


J ^JJJ 


i ^a L aj^jLJI DLiJl ^3 0 jLj cj! jLSLuL / 1 ^JL*-a 
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^3 0 jl wLyflJ I £_3 .-LLj ^-Jg.* 


-d ^ J^'j^' J> <sy> 

.* ( _ s »i ol i^jJl j*J-*Jl 

(jLoJl C_^~5" ^3 l ) ji J^J^I ^1 ^3*)U Ag*c^.ygJ ^Juy23 1 (1) j5lo A3 

t I Jj>- A_L*_L3 A_^a ^_o-*Jl AjjjljJl aJULlII CjLS" jJ^ 1 jj„)g.".o (1)1 (_£ j-jljJl 

OJ5" . Aj 0 j^J>cJl ^jjs ^ll>o ‘LjjLJl AjULJI jl5s3l ^Lp ^5^>*Jlj 

aXJjJI ol jJw^Jl ^3 ^ j_~*JJ L*-J ajlLv^j (Jl j»I c_i-Jg jJ olS " ^3 <ij I a£ 

f-lla-^wJl f jjo j-*ZS A_l_^_3 Lo-a I j-*ZS ^Jwyg 3 1 jJk La 0-L*-9 A3 cILjI Aj ^3 t aJL)L^*J| 
^3 Lj2jI L>t^>c-vi? I A& (1 )j5sj <1)1 ^>- Cy 3 ^ .AjL-*_vsJ^ A3 j^xJl ^ji jJ*L*-<>Jlj 
.((A3 jX j La cliiAalj t aSLLoj La c_3 jfr |)) ! ^LaJ jAo (J jJL . AjjjLJI AjIJLJI 

pS" ojjJl (^>-1 

O 15" ^JLJI ^Lp lA>- ( J^-^*Jl ^a (Jlj La C ^ j5" OjAJI A_pLa3 jL>cj5jI ^_P jJ 
.1998 ^Lp ^Jl- 3 CA3j ^1 ^3 JUJl (1)15" U5" (jLa ^j-alj ^Lp (J j-v^gxJl oAjA>cJ| 
jj^LlLa .LIIAA oJlj La aJLs cjLo-5sJl ^.P (1 )j-$Lj La A*_)l ^JLoJl ^UgjJl (j! £-aj 
ol ^jSL^j <=l s ^’L>cJ1 a^aL^woJI jLoJLL^'yi oL5 j-AJ a v? Ip >c-^J ' (Jl ^a^l aAjLa 
J iu-> j L<>5 a_*^ ^AJ j>j*>\Jl cJLoJl L)l L<>5" ^j5U . aj ^jLJI aJLaaJI ^3 

^JajJl ^Jg-4j J .lygjl t^_plAa ^J| ^3jjj (1)1 ^j5La-> Jg ^LoJl jLo5jU-a'yi (jli AlSLjLa 
<U>J (Jlj La C (^ j-*-vJl ^^1 Aj>c_L^J| Ag>-L>cJl ^P j Aj LaaJI aJ y > ^ >) iS^ 3 ir^ 

-LwiLa j_>c_j ^_Lp aJ Low^JL^I J A_vgLv2JLa| a 5" ^ 5J I (J LoJ I jl JjLoJ 

^-JgjL^o JLJI tj -^La A_g-L>o ^aJI a 5 ^*iJl ol (_5 j2 - 3 .L^JLo-pV 

a 5 ^ Jl <1)15 c L^J j^p j s-Lo-Lp jLg^jjL*-*«l <1)1 jl c ^-jI wL>wL^*u 

A^_slj C^U'yi L^-SLLI ^j-a -LjJj *^_3 (JLoJL) A^oj>cJL^J| 

IOj LaJu-P dJJi 6J>u j . I Ju\ y& 4-ygJjLa ^ A-JL>cjJl L^JL-Lj < iLJlSvJ 

c Lg-J| Aj>-L>cJ| ^|^3 ALaLp Iwb jJ>- t<JI ^Ixgxj Lo~a jS\ l 51 5La oli" ^jJl 

^ -3 1 jJ M J C o_L) J_>cJl Lg_jU>cJJwa ^^^j-Lp ^JLJI (^J^3wAjJl ^^Jgj ^3 { J r aJ>zJ J 

. a_> L w*_> oL jAaJIj ^Jj j_^aJ I 

dixJl La wLL*_3 .L&w\j>~^ ^L5 ^_JlU A_LS\_JLa Jg ^jLoJl I 'y 

(1)1 ^Jgjj c L^jU oLa j5L>« Jlj (JjjJJ Ls5j ^J jjJl wLaaJI j) ^JjjJl 

^j-P ^jP^JLi I ^Jlglj^y^jJl (1)1 s ij j_^o«Jl ^ j L*wJL~o*J I ^^^5-P L^Jjwl5-a 

L 15 ^ ^ ^<5 1 j I w\j ^^ J Aj I • 3 Lv%^jsJ I ^ ,J lP ^ wX ^ L ^ ^ ^ I 
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c(o^l ,JU ^ I yJ\ oJl>-I j) Boo.com ZSjJi o^ol Lk5 

X*-i La A_Jb>- ^3 Lv^ y>- wLJol 0 j^o <1)1 l^jj *!>L C^wo~i_*J A^-jL>c-oJ1 CjLS” <1)1 j 
. o jS X j i^jj j 1 1 a L*— i^-i *y 1 ^_Lp ojJLLoJl <1)1 *y 1 c Enron LS" j_jo 

^j1j3 ^3 o ^il 1 (Jl ^^LLa ^ia 3 J_>o c aJLL^JI aLJjJI ol ^i*Jl (J*)L>- 

tcJj^l ^LLoJl ^3 aJLLv^ ^1 A_*_93 j^>JCLvvw<)J 1 3ljl (^-Lll jl-LLoJL jLoJCC^-'y 1 

^ill a^JLoJI c Lg_S"*>Lial ^^3 t^_pj ^ 1 aS" ^_J ill ^-*a Aj ^woJl A_^*»-w«JL^ 

A-Jj aS" j_Jlll ^ll>c_j (^AJl c_J l— oJ I jl JJLoJ AjjI j-a e-l^j>-l LI Ju iS" j-JlU LoJj>- 

o3jJ>- j l_£3 j+j* ^s>^s>- Aj>- jlLoJ 1 Lg_lo~-3 JjjLllj ^wLoJ j l_£3lj_Al Jj-JL>cll L>L*J 

C^JjLll Lg_L>-l J>s ^3 (1) jiO' ^lll AjjjLJI L Lilli CjLS" j«1 ^y3J>cJ L« ^3j . \^\a.7>- 

L AjI-LJI Jla jJXoS 1 J^J ^Jl_*-a jl j-iL A-s_l_>cJ I ^J^L>t^>Jl oJ-A <^X>X Jj_SLo-) 

J^SLal La 1 (jLo-pLil ^->cJ>- ^J-P *LijLllj C aJ A_Lv 2 — <La A_jjl j-a 

.L>-L>Jl j>o 1^5 J 

^3 ^j_) j^XXs^a ^lp L^_sA? <1) j_SL li ^lljl ^Js? ^JL^a J_)wL>o <1)1 LI | 

iLJLj v 3 ^ j_i . j <1)1 t^_>c_j 1 jJ .ajj^LlII aJ Liill ^Juij>su5" ^jLLj ^jJL>- 

. Lv 2_>I ^JJL>*Jl 1 LU 3 ^3 JLpLM cjL^j>- ^1p ^_^L>cJL_j ^Jl_*^oJl ciLL wLj wL>e_i) 
apL^ p LS* wL l—* o^«L^«^j ^ j-) wd 1 U 1 ^j*a a^j c L j 

Njb A^o^*)j CjLi*!)Lp ^3 jjg-lll ^3 t^_P jJ -l3 ‘-1 a LS" ^J lll J^SsJ C o j-X^> 

<l)L>ti3 v > pLjI ^Juv2j>cJ ^ill LJL>- oJJLJI aj j\xxxJ^i 1 cjli*!>LxJl Li_L 

^ C Owb J_>Jl Llo-P ^LS^l <^5^1 ci^> (1/^^ ,J 1^-^ .0 

c iJ j-yA** Lg_} j^" iS'^J ® wX_j wX_=>x_3 1 CjL^j>- jlJl aSjsy- ^jp ^j-yg-3 1 o j^3 ^Ja_*_> 

^j»>s .Ja_^l_ll lj_A <1)1 . A_) ^_> L-Jl aJLajJI ^_3 Lo-jL Aj>t^ s i , lj O— w»uJ j^al 

<ji j ^j_» i oi^j^ j sJl>xlj <i)i ^j_5Loj (ji p sjLn^^y i 

L^_laj C Aj jjLJI Aj Lilli oLls-A (1)1 . OwL-P-cJ 1 CjLajLv^JI wLip “jJ* L/gJ 1 wb 

ApllyaJlj A_*_a L>eJl a51 ^_-l ^>3 1 jJ La li| ^-Lp t (1) jX^i jJj j_j A_*^aL>- 

l^j L o 1 ^ US' 3 'y 1 ^ ^ ^^»s^»wvw^i»Ll c J^ — -. 1 1 1 a»J L»a (_)^.^L> 0 1 j 

^Uill 1 jJjL>c_> <1)1 <1)j 3 t oLaLv^JI -A_ipj jJ^L>c^oJl ojl-^jj jUp^yi ^-1 

.^lilll < ol>Jl ^a 

L>c-o21j *y t A-LaLL» NUpI AjjjLJI Aj Lilli A_LS" dU3 ^j-a ^_P ^Jl P^ 

A^pljJl ^_lJl ^/2 _*_j (l)lj t Aj jj_j Aj Lilli oJ_A <1)1 . L^_9 j_*_) ^LwlV 1 wL)J_>- 
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j_pI jJl } I ^ — La_^_>s j li c <LoULJl 4_L*iJLj| ol 0 -j j-i 4j_^Ul cjLS" 

J l ^c_) ^Jl ^Jl jL-vs>J !^\ .4j>»^>s_v£ 5 d^Jlj L° ^JLLwvJl 

^ ^ -3 ^ y/S, ^ C— <■**-) I 1 ^ ^ y%n I OwL^>-J Aj .-^w *2-0 ( ^ ^ 

( j_j j_)-LoJl j ^j_j jo*JLL**w<>J I ol*J j-j £_o^ J . < — ^IjwoJl C-J jJl 

o -Lo>- Jwo-P ^Jl g-b>Q J c Jaj>sJl ^j^jIj ^1»P <l)j^ ^j-OwLolX^Jl 

t Ow\JL*oj OjAJl ^oLooj JaJa.?- (1 ) j_$oj <1)1 4->-L>- .4o*oaJl ^3 

.4_LaX^vwO CU>o <15" jl 4o J^S>- 4jLaJ a£ jsSj Jo»»P jli^J ^ jJL ^ J-*-* 1 Lg-oJg-*-^-9 

J^sl jJo <J i j~& ^J-j 4j^j UJ l <j Lilli 4-^-** JJ-^Jl J Lo-P *)} I ^j3 1 jSj <1)1 ^*wJ ^ J_>cjJl j 

. 4-^*<wU-gJl 4_>jjljJl AjUiiJI 
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cjl _ 11 


6 ‘U^+Jsl£- *)/Lal wL/^_r *~LxJl d~> U LtzS'l o! ^JJ aj L^ j m 

. ((aIjLa a^*^AJ>~I ^ L*J l cJ^jJL>- Uoj / jj lf-J-9 


-J £jyr 


192 Laj 4j12iJI h 

197 <bL2l)i jj\*£j *\jJ ^Jl jiajJl ! ® 
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b-Aj i 

jJj_» ^_3 < LS ^a>j»>LJ1 a) L ixJ 1 jLa^j! *L>1 oL->«Jl j~Lo ^_3 <^JlS 

ap a_a$ 13 ^_>cJl 1 0 } ^-Jl oLj>- ^3 La jj ^J aJ 

j jj>\ L^_l5" c aJLloJI aa^Is ^1 ^<>Jlj oL^La^>JI ob a^SLoISw>J 1 e-ljj^-jMj 

^ <J j^C bU j£i il^u> 


AjjjLJI aJLaI_U A^jLpJJI oU*>Lp)/I l) J-^-aLJL) ( j-«jLji yo AJjL*-*>jM oj_A L> 

. J^*^Jl ^XoJJ 0^2-Iaj>tj jl CjLIaxJI jL/2j! ya ojj j^)\j 1 j-~*d ^-gJs5vJ 

^Jl ^jUI j- 4 (J j-J>tJ £-4 Lww-I ^^Lp^M ^_3 A_> j_jUI A-jLAjJl ^5"^ Lo-J J_aJ 

jL*3 LjLw*- aj^jLJI aJLaiII ^JJ>-Jj /^SLJ t (4 — 5 JlSLj^JI jiajl) ^>-L-4 ^j-s^ j-° 
^^)L>Jl Jj t^JLJl j^SvJl *^2Jl (j-vJ (. ^y^sjj 

aJLaJL 4_*^L>cJ! jL^o'yi 2 . W(l)^|)) j^>- ^Jl j_a (. A jj>d\ 

Ao.,^.1.". ■>«*■<>-]' ^ j j/ 1 cijI jlSLo^ I a_*_v2j oljj -\i j tCwifl ■C— *■ 20 j->tj ajjjLJI 

^j-4 (JjVl ^^JLo vii-b £-4j .^j>-LLqJ1 ^_3 jjj ^Jl (j^l J y ^> jJL j_>LJl ^yi 

. JJL c-3 j-w4 Lj ^Jl ^Jj 3 y>^ A^Ul ^LJl 

^JlS" AoJj C o-L^ JJw4 AP b-yg. I 1 ^3 La.3^j>- j_j AjjjLJI aJLal)1 Cj1-L> j_a) 

iib j-A ^4 ^_aJ1 l£ ^ l^vw^Jl ^Lp ^UJl cJ I (jl ^Jl 1 jb>j .AxjLJLJI L^JjjLwJaJ ^^4 
aJ L jJ 1 L^jlL>o I ap L.-v^lU jL^o*oJl (jL^oJl (jls .jg-A). 1 1 j A 3 U 2 JI a-woL^j (J ^>- ^IjJI 
^^Jl (. a«,jj^j>cJ! ^g_3 Lyfl-o^) 1 (^1 c jJ Li .Ja_4_lJ| j_>^5Lj d)^_^_) w\_s aj^jLxJI 

^4 jJ jjUJI o^LjJ (1)S/1 l ^j-4^L*^Jl ^J-v^-a J l ^3 LaLwJLsL) 

0-L>- 1 oIj-a^JL aJjLa 4 4jj>Jl ^3 40 ^y^'i ^L>cJl JajLJI j-j 

^2-^-J La3j 1 j JJ ^1 A_JwA)Jl 0 j_A jjb ya Mobil aS j^Sj Cj 15" JJL) .L^_l J> c-4 

12 y>^-> ^.sL SL» L 4 ) ^Lp ^JbS" JajbJl ^j-4 J»w4 ^ L) ^-J-4 400 y>^ o!j_>J-a^J1 

-L)w4 (JL^-^JLwo^ 1 wL_3 AAj ^JaJI o J_A (jl .LaJj>-j 0wL>cJLoJl c^L j/ jJl ^3 (j^lj^ jLNi^> 

cii^4 Ao ^i)l 3 ji 1 Alaj>c-4 ^3 ^>J^Jl ^3 Lyfl^A>cj ^3 j/ 1 JJ C aL y& 0wL4 

y -o L^J L o-«JLw4 L> *xJ| ^ dJU^ (j j/ c Lo j_3 

.AjjjLJI AjIaiLI (lJU5»- b_> <^_3 jl^-oJl ^Pj) Ao^Jg-xJl Ao-ojJl obJ^jjJl 


wi_i ^L^vwo-Lj jl LaI ( jl 1 aj j_jLJ1 aJLaJI (jLSLjil ^_a L 4 ^j_5Ll 

L^-4 ^^Jl A^S"jJl ^1 j-oJl (^£wA>-l j-A A^S~ jA..^ j/ 1 ^b«Jl A>sjj/ ^3 j_s^aXP (Jjl (jj5sj 
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j LAl £-*}\JaJl ^jJ Al->l ^-^>c_vi3 .^LwvuS"^/l ^c-jI j LAI ^^V-La-J I 

^l^oJl o Jj& Ai*-lj jj JA Al_> Ja — .>cj L^_>l t AAj <W?L>cJl Ajsxj'V ^1-P 

( j-^vj>tj ^ ^ jjLJI ^t-L*~Jl a^al^ aaIA*^ ^1 aJLJj laULA? JSLa a^S"aJ| 
4_L^L-*< Ail jj jl tJ LLoJI ^i-P ^>s .aA_1_L>e_>j Jjl ^Jaj ^ ^j>-I oL>cJA>j 

^ ^-i 4_*_Jo'yi c_ ^_> c_>cj ^j>-j ^-jl-^-v2_} 4^JJa.» Audi A4 jl ^Ja oAj A_> cJ I laI j Lw^Jl 
^ jJU i {£ j >- 1 4^j>-D .AL>Jl j Lla jl ^jl 0 J l-vi,,,) 1 <L^>c-wvU2AJ I 

Aj j_)Lj LAlJLja ^)_P iS ^->eJ Ail ^_> ^-J-v 2 Jo loUl ^3 o Aj A>cJ I ^1 j-oJl wL^_^j 

cJLo-*ja*»I ^SCojj .£- j-s^ 3 JUaI JA’Lp <Ajj^ <^1. ^AL*^? L^j jJ ^ j-° 

LA I jL~Jl ^>sAAj ^a*_> oNI ^^liajj <• Ai 1 jj| ^_A*J j\ ( JwJJgjJ %Aj aJL ^J aJl oAa 
jl ^aAJJ ojjLA^j ojLwvoiJl AJjli oL^jg-j ^ ^>- j/l ^jJa-^vJlj Ail jaJI 


•lT* 


iUl 


jr* 


c 


Lojj L) O^L*»cJl 


a* 


Aa- 




Nanogate 


^ ^ i-P I 


> c j ^-'-> A A j j LoJ I j 

^jjs Ajj/ ^c_^vAj j/ ^tjUa^jj 


Iaj i AiljAJl AsAjd 


la A A»j>- Ja*}A 


j 


i Technologies 


*y ^jji jajjajis l«LoJ <. Ja*>Aji ads **>U 2 j a A^-A^y i jAajij ^a^jJi laa>_^a>- 

C^L>w^vj>tj t. aAajAl AoA LAlJa jAJl AiJj <. o ^jSL^jj . jLLAl ^jI j L J-v^aL 

jjJJ ^1 ^~«Jl J-^'j^-J jA^' ^Jwo-> js li-&^ •^—^>1 oL.yi-^ 4 _»^jLj 

I A^>- ^-.yflJ jl CaUp jjJl oA^J j^jijj . J^lAJl ^-^_Iaj| ( j-^vw>oj c oLaLo-shJl 

J5 ^>paJ LiLS" Aj ^a5JI aa Ai * ^a Ia^j <. ajaaoJI ^Loj>j| c-jL-liA 

.ajjjUI ajLaJI 

jji i cj L oLo->cJl ^.iJiAa oL ajjjLJI aJUaU j^j^Jl ^aJI { j-^ 

^Lo-* jAvwo j*y ^»pw\Jl I a_& Laaj ,<~j j_^»L>cJIj ^j-oJ ^<>Jl oLp 

aJUjJI j'y c L^_p jj jLS* 1-^-^-^ oAjwLpxJI oIJLaa]| ^LA-p /*-& ^ ^-w^L>cJl 
'y ^j_jaJ| aIa.) j I a^jJL ^a>-j . LsAj I a^-w*< ^->^1 ^-AlSCJI ^i a_»^_j1aJI 

(AjL>tAA<jl I Lp j^j t /» - > LSja ^J_P jj^ j^-^'^As’xj 

^JL^j J-W»«L>- p| ^-— l?.".*..vU . Lo I ^i ^A>5 0 j£j J^J I Aj>- 0 ^_A-^Jl 

^daJA%u ^_3 j^j AJa^J c AA*^Jl oi_A ^jj-^Jl -Lp a^-w*iIAo-j LjAJI ^ ^AAj 

. ^ > ^-woL>cJl oLALA oA_>A>cJl ^1 'y I ?-! jAJ ^jAA 

. A^--^ l^o—l I A_Ljj2J I ^l^»<»wjl jl^J^ j+*> j L^ cJ I A»>»a<A»^^ ^ l-o— I l-oJ l_*»j I tS" 

^>aaJIj j^j jAIilL ^aJI aLAl) I Ada^-oJ I a*-A "y I ^Lo-v? ca LA LA ca Ai>-I c L_>&jjAL3 
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.4j>Ja^vw<Jl liquid crystal displays ibLJl olj jJl oldUi. Jj>^J lJL>- 

c A 3 U 2 JI <L~s>- (JLp 3^3 aJ^L^JI dd j ^LJ l CjLdiLd) y-i3-ygJa 

<LLl!l <^>-L^woJl .Lw^vu j*J*~*/? t j ^J -p 

^»Ly_yg A»dLd ^3 dii-5 olp a_1^Lw*J| j J«J l A-j^Ld ^3 ajJj JJ 

Ip Jg-w*> Jsl j t(Lio| 24 _Jl a-w-La^j jjL>tiq LgJw« JJ 3 ) <LJa^.^-oJl A^dVl 

“! > p. s* 

OJ-J>c. Jj A _>L>cJl ^>3 L^_Jl jJajJl >s-Jj t La J-^-P 

j j-ygJlj J*_g-c_> La IJ_aj c g- ,Ja a j aJlSL^JI oljj_LJl oLdLd 

f- j^yg.iJ aJLJLoJI cjLoLjJI cjLdLd ^Jl cj j_>eJ IJJ .L*2aJcLa <Lwd» j^Lo aS jj>cjc<»J! 

. light emitting diode displays 

^JgL^ p- j_*/? ^«_oL3 . ?• ^_v2_U L*_JLa L_jL_j iSb jj llo MS' ji "y 

AjwCxlJl 3 j_>- j ^J| CjI JSL j> ^J_P A-o j I ^3 LJLp 

A_j j_j IjJl aJLajJI JUjCL^L j .A^jLL>- *1 ^-vg 1 ji oW^Ji j! J *LoL ^_g_SsJl 

a^sLS" aJLlSo a_>- J ^J_p SJuJuJJl ^-oLv2_^JI 0 j_& A_Lal_SLa O'y 1 

‘(lijj'j J-O^0 A-o*M oLp JMj, ^J_p Lg_*_yg jjj .A_dLd 

^J-P (J j}, -v/? P-c-1 ' ; c Lg_P J), la. aa> f-Lul J-jI ^J l ^ 

A_jiLd ^yj LLa *■ j.-yg, U a_^_JlM 1 a_j jjUI oLlLjJI A_joLd LLa ^ jL^o . Oi J *y 1 
1 A..Jg-^^-oJ' L*J^I ^Lo-vg cj Li Li ^s>- Lp jJg-cAi wCJ^I L^MJ c aJjLwJI djIj^-LJl 

<ZJ l-AA) L^o jj > -va. J J j 

cjLj>Lj> N c ^uL? ^ .oJ 1 ^Lows^g oL^LiJ liM^ j c aJjL^JI cjIjj_LJI 

aMx>»P <• A-MLo-j A-wo-3j j j^A/g. J i ^Jo y>*-> * j^-v/g.U djLoLjj! 

c OwLa JJw« p j_v2_U A_*_JLoJ| oLoUjJl CjLj»Lj> O j-g-Jg J_dJ . 0 j ^y2JL>xI> 
Aj>-Laa» ^3 iJlJL^U A_Jjl_Ju ^ oljLiNl CjL>“ jJ ^siS” ^3 A_Lo-*JL^^3 ^_5^J 

AjLw^j L» Jl 'yj .(e- j-.-yg, JJ ^jLJ (j j-wLo 19 ( _ S -L p i_s^ J-y ^ 

tdg Lp ^3 L^_^_yg^ wL>- ^Jl L& J L-5^^ 0^)wLioJl L^-J| A_>^_)ljJl AjLixJl 

A^vJL A^ypU 0 oj j-yg A_s3lS" AilxSsj 1^0 JJJ L^s 3 ^-Sy>cjdJ A_L U A^j jJ 

-0LJ>l Ji 


0L3L3JI t jlj ^>3 ^j.]g..~,J 1 l)V aJJLx dl ^- 0 - 3 ^0 (i|c) 

dri'^dl J! Aj>-Lj»- *y | jJ .d^tLii d-^" ^ ^C, y^- (_5^ (_£-9 a$y >- jll 
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‘Lo-jJJlJl <Ljg-^-oJl A_*_Jj ^ I oL«Lo~v^ ^-wwvu>o LsAj 1 Aj j_>Ul AjULlJI tj jL>cJj 

<>c-w*i LoJ i oUj ^iiwL« tji c_^-oU'yi , a ~~ jc ]\ 

.<iUaJl ( ^a L^_S" *>LgjL^ I 1 j cjLjLjJl clLLj j^^a\^a j j-^—^-a 

aJIp opIaS" Ob j AjLa^-j o j^jk^ oLtLlil dUj jl ^jj>«*Jl ^jA aJI 

. I ^j>cJl ^3 L^J Lo-*JU>> ^ j-Lfij 


Ab^JLil) LgJ ojjJa^oJl oLS^-jJl ^wL^-1 


^ jS>- 1 d-jl_Jjl— Jj aJUL> A^j j 


aS j^JI) a5 jZ> l^JL* J j NanoChromics ajjJUI oLJ JJl (Ntera a_>wUJ J 

^a o J _5Ci bJ_>^> oLw>Jl Jl <, electronic ink ^ j ^jlSLNI I (E Ink 

o Jl Jl t JJ-Lw>- aJo-P jjo J t ^j_> j jJl oLjww^-wvJ 
aJL*3j CjLjLj Ob XJl> aJ Jj>- £_w? Jv^^l t_5^ ^x*3 Jl Jl 

dlL ^Jj t Lwo_ 9j Ji . v > LlSsJ LS" ! JL>^ <1)1 la»>- 

JL*J| ^w2 jj C JpU Jlj ^_^5\Jl A^3 iw*-P jJ b j J»- tjESbjj I jj>«JI 

• Jj^l cjLbLjJl jiJj ^3 JbUbJl ^j_p ^LoJ jib ^Jj *l9jj ajL^jJ I ^3 
Lg-Jl JajJl ^Jb Jj 0 j^5"j biUaJl lS^\^CL^I JJlp oJlb J_A3 

j j-vsJi ^-w* ol £^jb J^l AbLjJl j~° jlSj b3jj j-v^ Jj Jajl aJ 

Jl oLjLj ^3 ! dU^ j*Jxs}> L^Ul AjUL^JI C-Jl j . ( A& j. Ja^Jl 

^ yi 1 ^ 1 ^ I A»o I 0 w\j wt^tJ I Aj^jLJI ^ ^ 3 ^J I 

aJLLl^j ^v^Lp c pixels o*>^5CJl ^1 t L^-J oj j^aJl j-^Lpj 
dlL oj j-i d-^>o jl ^ALw<j'yi 

Oj^oJC^vO Ji ^Ul jl |%-P jJJ .A-^Lj>J aJUp jj^ 0 j j.^a!I 

Ijj^ (^j jJl ^t>^o jl j^l ^ 0 Aj j ^^ jjlj t^->l^Jl ^w<j-a 

~0j*S}\ jLSj^Vl ApLJaJ A-JL>cJl aJIJcJI jV c A-o j. yg ] I j*^\_p^/l ol> jJ ^3 I j~~> 
. aJIp cJl J j> oU- ^-^1 ^y>z^Aj ApLJaJl p-lia^-l ^>Lya jj 

(J o^Ip ^iJl o^L>c_x>Jl ^J_p ajjjLJI aJLajJI 2jj>-j j^osju j/ j 

OJ^5l>s w\_43 .A_oj_$\_j| ^L^a Jjj, ^l-iJ^I ^ j-^lj .AaJLAJLq aJLaJ 

^ Nono-Tex J^J olS^Ji. iJjy>Jl i^j^Jl Slj^Jl ^ aJu^L>JI olj jJaill 
UlS” a_>jj1JL<>JI ^1 j^oJIj ^jJ^Lo-dJl ^a ^UJl ^Ju^_>cJl 3 L>&j| 

3l J-oJl A^jj-o-)^ J aJLc« Jl A-^^wJaJl ^U^yij ( Jajjl Ojl Js3 ^jl C Lo 

Eddie i ^a oL>tiL« ^3 ^1 ^-wo'yi ^Jl ^L*3 oJjj t j JjUI ^j>s ^Jl a^^S" ^J l 

^Jl ijLj>lj Nano-Tex. t Burlington Industriesj LeeJeansj Bauer 
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2j A> yj IjJ I A LaLI ^J-P A^dLi J J>“! t ^ Ja .oJ 1 J Ojl jlz]\ 

.aULJI j*-jL j»L»j>sJl ,L*>L ^3 O jJ>- j^gJl jt-Jl j->JJ oL/LoJl J-al j_*Jl ^a 
^s-*Xu ai^a>- t cj L wij_*ijLv»woJ I ^3 oJLLLSI ^.->-lg-p oi Ij-gj ( Aj5Lo->^ 

.^JwO la ^3 ^jJ_*Jl J***^ £-aL>oj 4 “ s ^ Jb*l J-*-^ 

Aplw? LsAjI A) jjLJI AjLLJI 1^3 ^ ^y>- 1 Aplw? AoJ j 

oU! jjJl ^3 j j.^L?J I j Ol J _j a 5 ^oJl 0—3 1 j^Jl 5 J-°J l) ^JL ili . A-L 5 L jJl 

^L>-jJl c_3LJl . a^pI ^_JL)1 15 j^a\ ^*>15 v «>j! LjjJi aa_«_a>- 

f. t.>> 

A IaJI dj 1 wL Jj J .^S” ^J.^g.3 i AjLoJ>- ^ Jj5 ol jS ^jjlwLJlj 

> — > 

A-a JjsxJU^woJ 1 ol jS ^ il)Nl .^JJLptJl |j_A ^J«P ® 4 _> jjUJI 

^1 OJy ol _ 7 AJl Jj<-A aJL^lL^ ajjJU A ^ oA Wilson’s Double Core 
i (Wilson J jiJ Ui j ol ^ ^*_;jl (5^*" dr'"’ <J j-l^l o wL« ^d*Jj ) 0 wL_*_j cjliL-v^o 
Babolat cJL>olj c (Davis Cup) (J ™i_o ^ISC -jJi 01^551 jS/l j 

L^_*_A/2_j t. Jj Ld^a AP ^3 o j_a]| AAj 5 Aj^-jL ^-oLI 

*)! ^_-_3 ^Sjj a 3 Aj_>LJl « ,1^1 l)I wV5jp>J! ^aj AajliLaj ^Ijjj^l 

AL5>e-oJI t. a) J^ v2_p) U jU— I ^j&\jl2>x->\ ‘L^si’d jJl PtjJl ^3 £_^>j 1 

^wUi ^3 d^i l^Ij-l-w*' ijoi j-5 ^_9 4 _jj_jLlJi c^woC^yc 

» ^ c_^~Lp ^ y 1 1 ^i~p ^j-^3 

^Ji3 .c_5aJl l5j>- i^Ul 4 jLa 51 Al«5) k—3 ^-*-*’ 5^^ ^J«5>cJ I l)J 

diLajJ I -A-AS (. 4_^_L^> 4jl ^-Lp Lo j_j c-.5?Jl j jJg-L) 

dJ ljw^v_>o tOwL^_Jo A3 4-J^woJl ^Jw<a->cJl jL5>-l j3 .0 jJi5l 5 -LIj 4j^j1jJ1 

L^jw»owv ajL> <>wLJI j_l« dijJlj a_p JU^VI ^3 

.4_5x>-P l-^-A) ^3 ^ j-^Vl a5^w<>J| djl jlwJL^-'y 1^ CAj^j5 dJ Low^%^>- 

4jLw^>Jl 0 j-o->cJl ^j-^s c oIjLjl>-I dj jj ?-Lo5_^Jl J^sLj 

AjLaJ! J*>U>- dll 3 J t ^Jl JJl (J Lo-«JLwa *>\J ^ylSC j-\_A C.5?-ds^; -X3 j (. j-L> ^ I 

Idl J_A I 0 >LvAj 0 1 3 Lo. v?J 1 ( ^-LJ 1 0 -j5 JjZ3 .4jjj15I 

.JjVI a»^j151 a LaJ 1 ^jLl^J 


, A-L-vi 




^_9 (Jlj La Ajj_jLJ| aJLaJI Aj J_*_j La a (j! J 

C LjL*J|j Lwwwwal JS>-J Lj cJ*!)L>- J^a LjLj>- ^Jl ^L*-3 c5-L^J wLA9 

. La>- AjjLJI aJLaiII (j-^J dwJ| wXa] . Ij^a Lv>J>- 1 ^A>-J 


196 


pI jj ^1 jJiJl ! jjbJlj 


(J j_>&jJL> L^jL>s_^*< e- J -j j 4_«^J jJl A J? * -o. 1 1 O^jUI AjIJLJI J ^>0 £~° 

1) J-jUJlj 4_>J LxJ 1 A-s^> L_J I J 1 ^/2_>cJ ^JbjLwvwA oJ_P jljL> c_3 C Aj^LL>- 

aj^jUJI aJIaJ1 d)l *yj c 1 Jj Jj>- ^J5L~v<J1 dilj . a»^p 'y 1 <LJjjp~w<Jlj 

. L>j L^aI J o j j j-s^ dr* 

Aa1a) 1<J1 dilj ^A I ^wLoJl ^lp ^->o ^'yi p-^1 ^J^Jj 

i ^A (jLpUa3 L_a Lo'y J_w2Jl oLpL^,.ii j a_> j_^>cJl AjLcJli .cjLp! I 

d^ wL)j_*J I ol>*)U o'y a_> j-j IjJI aJLaJI Jl ti jV^sS^I 1)*}Laj_^ a-p l)s ,^J 1 

J^L>- dr^ AlSLo-a 0 ^SJ> A3 t A^-SLjJl j C ^JL*Jl ^3 ^^?1 ^>^1 

j jJa^oJJ ^j_SLg-> J jjJl j_JlS ^3 4_jL>«Jl ^j»ol jJLL) 1_A3 jj .Aj^jLJI AjULJI 


ol5 




iU^lj j-^3ljL*Jl 1)1 CU->S 

1 (. > V 1 ^-vjjjJ ^j»Jj>-L-lJ cdLL 1 aj Loj>- dj ^ 3 ^ Ji j .(JIjLpI 

^1p (^1 t (_£ ^ ^^Lw^Jl ^3 o 15" ^dJJ ^x^-'y 1 ol*l jj L^_*j>- 

Jl ^J-P La ^JLaj 1 ^jJ 1 c-A-JL^jJl ^.p ^/2_> J 1 L^ ^ ^ jliLoMl 

J^aL ^JLwaJl d^>cJli 'lyy*-* ^L ^1 ^^-'yi oo i 1 1-X»A ^ ^ vs^y 

j-JLx-i' ljfcj_> jJiJ ^Jws^2j>c_j 1 Aj j3^y 1 JJl3 j .A3jL>t-a ^JwP ^ jJgJo j AjLULJI 

^3 C A-LJ?-jL<>J 1 < L^_j j-stjJ 1 CjIjj j-^vJl j jl 1 oLJwo-P jLl>c_j j 'J l_*_3 

Ajj^I ^g^Lyg.^J ZjS-LqU' i (_£ y >- 1 ^Uj>-L . CjLJ J~w2_jlj C3 Lo2_*L)L^w<>J 1 AjL^-JI 

i^Jj>sJo *)LjLa A a") ^ ^ j LaJj 1j_v2_Laj (1)1 aJ^>c-»^J A^'^Lp 0->sJ j-yg-La J^' 

^t-A-Uiji)o aJ^Lp j-'-P a*^JLw« o (.^i ** -’La jJlj C-^>c-Jl p-lj3>-j 

oL« j_5l^>sJlj .LJ^'yi o^l jj ^ ^ ^_LoJ pJ l^J ^IjjJJ 

c_i-Jl5J ^p ^-*-Jl ^1 o^-l jj 1)L a^p L> ji^- v y 1 oLJgjwJl j 

/^SLow) *d\3 c Lyg.J 4-z j-~° oliLLxS'Ml ^Lo cc__^v^>&3 «-! j-Jl jj j-^J 
A»o w\ ^ 1 1 ^ »<* U 1 La^^^L^^c—} c c ^ 1 ^ ^ * 1 1 *■■%«■ .s 1 

Ls o'yujl ciilj dr°J •aI^^p aIjII? 0 ^-^Jl oLw^>Jl 

.jJb>l ^ *^)1 p ^3 1 ^ COCkt3.ll ^^>-wv^<Jl djljl-A^Jl 3wC*J^<Jl ^^->tJl ^jLJ 

^Lp (^wCa ^’“Ij a>JL*~<J pljjJl ^-1 jZ* aaISIj C— >15" c2001 ^Lp ^3 

ij-oo JjjJl 0 oJ_a aSj 10000 Swb>«ci<Jl oL'y jJl J^li" 
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*)} <Lo jJp>cJ| 15 j^o\j LJLjji ^3 ^j_fjJl 5 ^3^1 (JjLjCa ^P ULo-j 

j^yg^-o- )i ^-*P 4^3^! ^_*_U/2 J* U I . L^Uw*j ^*^^3 ^JlJ I 3 ^jJl Ji>-3 J yZ~A yy\sy£j 
4^>Jgjwfl j^l L^j ^J ^yi*J I aj j_l^JI Cipla a5 ^_^Jw«j) La jL*J| o->o 

^55 La l5^j t aUISLJI jAAj ^-a j^Jk^p * y>^-> *lj-Ul I jp-uol jJJ (a-JjjJI aj^^II 

jwLo jJ .^JL*Jl ^3 jJu ^ I L>JI5La ^al j-i ^->tjl Cy 3 '-^~ > ‘\j jj-JaJ ^*a J_>jl j-c-^ 

c aJp I jJjVI ^w2j (1)1 i ^pj>t-*Si J5 jl ^-*p 1 ^Jl t IjLs^o! I 5 a 

^jj *p uJ 1 j*s- ^yjK\*p + Jl oLjLLa I jJ jl>- j I ^1 ^J-^l $*l jj .iS*>La jl 

j-^LLp ^J C^-nJl A_*_;Lca lj_*JaJL~p jJ ^-£jI ljP3lj C A_L>C_a~w-»J I Ap jLxJl 0->tJ 
^j-p ^y^-t ^-*cdL ^—J I 3 J ^jP ^owU 1 . sLwai ^JLo 2j>- ^-jLp 3L>t_>^/ owL; j_>- 

.*^UJ5j 

UU_*-aa» LoJ-«j>- j-^oJLwwai / (J j_L>I 11 LpI Jj>- 1 wL*_j ^3 A_g_>LJLa aJL>- CaJ. yg >- j 
jjfcj t ciprofloxacin ^ o^~5 *lj-5 <^i ^LajiL>Jl 

a5L!LoJI a5 j_ 5JI uu *5 4 >- -Jj .ajuU-JI 0 j-op>J 1 A_>JL*-a ^3 J-oLa ^ ^LsJpj 
L 5. ; i >«5 o~L>,ul<JI ol_>^/ jJI ^Jl ‘ULaJj ^JJl Bayer ^1 yLy^\ o^lj-J 




> a_L>t «.iv. .<>•, 1 1 <Lat>L*Jl o» 




jl Ml t Lk j_>c_1>j 

Bayer jl ^_p ^ t Ij-JL^ JJI j -*-— j *ljjJl I j_U> j-p cApotex a_jJj5L)I a5^_uJI 
^Ca t -U>- j jj c jLJL>cJl j L j l_A 0 (^JJl Jlj-vJlj cJ jb- 

.(_£ ^>-^1 3 j-^Jl ^1 ^1 CjI*I jj aJ^/ 23 I jlLw« j^o-«Jl oJjJJlj <L>c.ya.ll 

o 1 3 L-yg—o-l I ^jl>- j I c jl_J j-^Jl Cjj>- jl_p jJLj jj jjIjJI aJUjJI CjIwLj 5Ij 

. a^wo-aI ^51 aJjl^^/I 0 jjJo (. aLoLiJI j ^JJ l 

^_l_P Aj^jljJl aJUjJI ^ jJaJj eJ j-*-*< C LpI jZj >- I J-w>s_*^jjl aJL^o I A3l_v^| 

CJ JL^jI ^_Jj^l ‘UP U^.i I Sj^iil OJl^- j I w\jJ .aJj3 ‘U^a> Lw^j j A-sP LoJU>-I 

aUjJI JjjJl j\ Ajjj>«CU>Jl JjjJl ^^o-wvO jl5 lo j AaPIUv^JI Up 1 3 \^pZ3 j/ 1 ApL&> 

^JaU*5 <UP j.yg.] I JjjJl jl LpJj>- |j-A 3 j-*jj .ijJluJl ^JL^Jl cJj^ jl j jJ^JI 
^3 Us I p a^j jl 15 U 3 ^ 3 Ujj .^up ^51 t J 3 I AjiUjj 

AUU>uJl A^uJlj ^-5x5 1 ^3 jl (JjjJl L j^-& j V t ^■X.,^ > .a 1 I ^Jl (J ^j>-jJl Aj>-j 


j\Jl JUl 


(J-^ljJ . Ai> Jj>J| ^Jw2Ll]| 5^^ j J^Uil ( y^lsjj ^AAi LaaJI 




r j 

I JJ .A^pUaP’ I*— a I ^jJl CaJ j_>e_J ^w*l ^jPS U ijLta 

0-La j c Lup Cj>cw^I I jljJJJ AU>Jp w\j>cJ jl APjLJl Cj 1 3 LvaUS 

^p>- <Lu j5Li! 5 JjjJl j>LI OJJLal ^jj I uul_^_j>-l J-^Jl UU3 1 ^uJl A_>c_>cJ I 
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d) I a_> 4_j UJJ . JjL*. ^3 4_^J j_*_U oL^U>sJc>“'y I 

Uj^Jl ^^ip <1)1 ^5 vo-jj . o ^JLdJlj A*l*Jl ^-*^1 ^j-o ^LwvoJj^I dLta 

jj (jl l^_>*y <• bJc .] 1 ^JJLa a-*^Js> ^jl <u^Jl old-LJl L^-> ^-oJo 

C ^J>-1 Aj>-lJ jJl Aw~wO-JLJ 1 AiUaJi JujJ>J J ^1 j»oJl 

Lo-S" ) aJL>cJ1 cHjLjLaj Ojl.il J ^y3J>-j\ jjljJl J 1 (1)1 

(1)1 C (wXl^Jl ‘CSLa] ^3 <1^J>cj>cj ^Jl oLs j-L*^Jl AjI&j ^3 (Jl>cJl 

^3 ^j-^ljJl (1)1 ^3^1 ^^Ip jl t *1 ^JLaJlj e-LlP^l ^-o 0 jJ>ca]1 

.^51 aJ j^»wvj <u_^Lwk»'yi ^1 p 0 j-l.yg..>o i^JlxJl ^L>ol 

< j_> j-Jl 5\J1 oLjol ^L*-3 Aj j_jLJ1 aJULl]! OJL&J -L&3 C 4_jJLxJl A_^>~ljJ 1 Lo I 

(1)1 oLfl-wJajJl oJ_^J ^ 1 ^Lv£> (_3^J A^plijJl L^-j L fl-wJa Jo 

j J_>o jj>-l l^_>- j J^JgJ JSG (1)1 ^P .4 J^j>c^ AolwLwa Ls^JIj ^J-v 2_3 1 olpjwLa 

t^woij'yi c 0 j-^Ji a^jLjJi 4_j jjijji ^ij^>ji ^ j_a j t cJLloJi ^j-p 

L^jLjiS' 'y aJI 1 j_&j .JjMI ^L^Jl ^3 (1) yj j_5s Jl ^_Lp t o^LJl 

^y2^j2_U OwL^>-jJl aJL jiaJlj . 4»o L^>-^5sJ 1 ft O L« L o-JLJ 1 M jl <l).il*_Jl c_aJM jS (J L> 
cr* J! j' 0 jJ Up yJLa ^j-Lp £jjJl li-A ^j-a ^ysJ>^ ^-Lp 

I 4 J j^~yj <. 1 ^IS"! ^ j^-l oLfl-wJaJ <LoJ (1)1 ^j>- . ^JwoLslJl ^w2_>c_^Jl ^ LJJajJl 

-li t . AiSCo-a ^w2j 1)1 t^<>J-xJl (JLj>«J 1 oLljjJ *l^^_*~Jl cjL>ca^J1 

4»J^>- L-UI ^-_3wX^JLwvJ OL-J ^%3 ^Lpxj| CjL>wJl?JjJl 

(—3 1 J-^JLw>>! ^-Lp OJ J-LoJl d)J . { j-*-x~a ^j^2_>c-JL] ^j. -> -v^ J cS - ^" jl t iLLL^_>s 

1)1 J-S'j-oJl ( j-« All t 4j>s_vi>lj Aj ^_> cJl A^>c_Lwo'yi OwL^_> CjLp^<>j>c^ 

(j ^-yg.->cji ^3 4^^l>»>cJi ^LwiJi ^j_p (j yS'jy^j 'y ^jjjji 0 ULJ 1 

a^J ^%wJ c aJL>cJ1 ajj-ocJI aj>e_Lwo i>VJ l3 *)A->- j c aj^jLJ 1 aJIaJI JUjcLw-L j .L^Jlp 
^ ^>“^1 3j ^Jgj>c->»J 1 ^1 ^oJl ^1 A-V-W*l^ ^-usJl Ju l .yg -A ) 1 A^->C_J (1)L ^LaXP*^\J J (lr° 


dr* c ^ dr° j-^- 9 <Jj-s^ 2 j>Jl ^ 


-U1 


^JwO-J 


. 1 ^^ol^j^Jl Ojw\J*^" Oj^lj A^sj^Jl j»UJl ^1 ^-<^1 (1)^ t iwL^Jl 

aJ-Jw *^ 3 wL^LJL t La J^>- ^Jl aJL I a_La jl^S^yi Jw Lo 

oLw»cJi ^j-*»l^»i jLu w\»^p a^-l-vi a^^aJi oi 'yj t (j LoJi^-'y 1 

A~iJ>J 1 Jja jjJ *)A^3 AoJL3 . Aj y>- A^3*)AJ>“1 ^j-S”Lis>J ^Jl ^3 J_j jJ AjI 

t aJL^oJI oJ-& (J ^>- ^jlaJl (Jjj>cJlj .cjUI j^>&J1j d)L^j^yi ^L^jju- 1 ij^vi 
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2Jl)I ^3*y_>-'yi >. —>L>cJl ys* (_yJJl t < l^PwL>cJI L^UJl (J y>~ j 

0^1 ^Ul jLo-pl Jja; (jl oL>-tAp 3L>t_)J A^*_> A^d— X>Jl La oL->JIj 

^j^? 1 ^-a^/l j\ ^_>L«_JLJl ^iLJlj (j j— * j-J"jI_>j Lk^J'y 1 ^Jjlo 1— s^l y 1 (1) 

O^LaJI yj j_> j«J ^Jl ^J_*_>- l ^_g_J L->- y*a y^j> C_JJ ^ J~ > ~ S ^ 1 A_>J J-k-tdJl 

^j-oJ aJI .Lo-gJ a_**iL-*^ £_va jJ lyg.-il ‘LwoJ-xJl oLiaJ— *Jlj \j y~j >- j jJl 

Jl>^> oJjLjj d)l (^JJl oUs-o^l -b Jj>tJ ^3 0 ^JoL^a ^1 ^JL^-Adu <-J j3ldJl 


(J^ OljLyjlj . CS _<J_*J| 


3^ 


La 


A_woJ-*Jl ULoJ 1 ^3 ldj>- 0j3ldJl C W^ojJLa 
;>t-Jl ^j-a Ja-w*_U ojUJ jlSJ Ajj— >«J lj A_> jjldJl 
^OwLj J_>- c_^5l j_S" s LJiS J oJ-jJ*->- 


j' ^rdi 11 u-° ^L^J-S’ j-ow 

^j-JjlJidJl J y>- J J_>Jl (1)1 C-Jwo ( 

j-^ldwP 3L>t->l (^JJl C. 

oIwLp-^/ OwLj j_>- Jpl jJa 3 L>c_j 1 jl c o-ujj>- c_^»3 1 j_3 <. a_—_3> j 

aJL&j (1)1 . Ij *. 3 ^ JJl ^SJl (J j_>»J 1 cjLI-L) 0 j_a j . 4_j j jjJl c->*>Lp LLJl 

^jJl) Affymetrix 3 -a oLSj_J> L^JjjJa ^^dJl to>J-ijL<Jl UjJI J^Ji^J 

^Lp Jails -dP L— J ^ t Agilent j 0 -> jJl y Lg_*3 y y <L3*>\j>-l oL^Iaj I. <L^JpS ^ J 

ji f-L^w^'yi £ Cj>-'yi j ^3 1 ^ j 1 ySLoj t^ai y*^ J 4»j^>cJi ou^ji 

oU jJl^JI 0 J_a> (1)1 ^_*^?1 jJl (y°J ’ j-oJL> ^aj>x_*xJl 3 I twd-JLS" 

(J y>- (Jj_>cJl jJ ^_&j .L^-jLs^c-v^I j oLS" j_*xJ <L«Lk J) j-^-j ^-3 j-*-** 

^3 0 ^oJl oJ^ ^1 j,ya p*cJ L) 3 j-lJl ( 3 ^ ^ oL^LaJI ^aL^j>-'y 1 

L^-Lp ( ilLi>c^<>J 1 t A-JwP>cJl <U»wUw^Jl ^w?j *^_S j-wh Lo^i j .<^J>eJ 1 4j IJLo ylJy Ls 

(Jlj-»^Jlj .oL^j)/l 3 ~»-*-J 2 jl] 1 <c3l^ow« t cj j_5_Jlj oIjLjJI (JL>c_>j ^_s 
(1)j51j (1)1 c_^>o Ll^ajI j^xj <lJ| (J j-*^ 3 jJl LaaSCo-j 3^1 (^-uJl ^j-p 3 y* 

^_^vj U^>J 1 LlJj c_3 j-*^< ( JwOl)L^woJ L aJ-v^ 3 wLJj 1 AjiJj 1>5 ( olj^>- (1)| 

L&Ll^sL) ^3l ajjjLaJI j_>c Jl ^>s 3-wva (jl j-^«Jl 3-o-5 .ajjjLJI aJLaxJI 

(3 j_)ldJl oLJ jjj3sJ^/ L> A-^-*<jj>cJl dJjJL «l^aij3J1 c a-^jj^-5sJ 1 A»^jj3tJl) 

tciUi liLi y*.*^>]\ pLS" JJ l wLsJ dii ^J-P JIpLmJ (1)1 

Jl ‘w— >o oljL^'yij (j j_a^>cJ 1 Lo j ? il ^15 JJl J-oL*_> Jl iw^>u 

lilj ^ilSJJl iJli o^al lil liloj ?i3JJl o^/S/l l^JJcuJ 

1 3 J^3 c 1 ^ > ^ ^ »-^OwJ 1 o »A_A-P ■»,/? j Jj>- ^ 1^ ^ I, - 1 - - 1 j 1 1 j J 1 oLiJuJl 


.(^>- yd I) jJlit-l iff-ll? JP U- J 3 j Jjj JwJJU <uJ jl <— *Ij ( -sis- ) 
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j-JLJ 1 £■*)} jjjb C-A^S" ^l^y\ OjLyg.>cJJ cl-U^ ^L*_) 

^ ^] j& ^ ] I ^ ^Siw^^c^j 1 ^ A^ J l—J I A_L.^" I ^ 0 w\_A c„)^«^\j 

jl ?-Lv2_p^I jLo_*_i-^l J*>\J>- ^j->s oL_>JJ ^jj_j>c_>s^AJl wLjJwojJl 
w\j>-! oli c j-5sjiJ o'yi ^3 j-jLJI j->cJl c^JLi^-l ^s>- V A_^*_LvaJ 1 

4^o-xjdJ >,^>ll J5 oU c I jj& y ± Jl tali .A^vo-xjJl j~£ jj& <cAa-oJ| L^sIwL&I 

I cli-l-j ^ JL>- A_o^ 6jL>cJlJ| ^^>tj I dU-j tA-w^J ^1 

A_^/? ^_v2J>tJl^ ^JzJ ' ^J-P c_^3 1 ^»P y . <S yj* C Aj^^jJl ^jl ^-*1^1 

. ^j| ^ta>o ''il A^yg>c-jJl 

J >- 1 ^3 oJ-JJ 03 jJl L)ta»- Adj <.4jl\jlay o Ajj^l Lg_>| 

^ $ _3*}\J>-'yi (Jj_>Jl d)| JL^JI ol_>ljj oL>cjLv^j jljiijJl ^ljoL^i ^^p 

jj_^oj>cJ| t^_3 jj*_J ‘Uwo-A I olj^^oJl ^y 3 ‘^ J> ~\j y^ Aj^J^Ji AjlJjjJl (J y>- y lw\Jl 

sJ^xjLa ^_Lp LgjL^wJg-; O^UI aJULxJIj . ^_l*_j 0 1 ^j_SC<>-> taL^ j j_j!jJI j_& La 

s-Lo»L*Jl ^Jl l$J ^>- cJj_>cJl ^3 ^Ll>o ^ L_L*Jj . <2j Ly? l */3Z. >~ L/ i 

C jJl (jjyJy ^ .oJl J J^L>^Jl J ^-ws3 *>\J>- V I J ^SvjLoJl Jl JlJ t Ja_Ai 

.^^a»L-wvJ 1 ^Jl AiL/M 

aA-<>jl>5-oJI jJs?L>c_oJ|j a_>j_jIxJI aJLLJ I JjI ^ j-p iLwJo ^_3 j^j o^l c>tw? I wLi] 

.L^jLlo o jJ^ljwoJl ^3 ci-L t 
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4^UI 4jUiU sju>JI ; (I) j^JUl 


d-jijj . e Lw< J I ^LxC ^-2jj L el . .ZVt * . 1 l“. 9j ‘Lo-j'M 

. ((oj^Ju^sJl ei^SyU d^Sjj i *t o.*ls*Jl ei^SyU 
Miguel de Cervantes Saavedra IjJ-iLu JjL* 


^ <Ljlj£ jL^-1 

• y~> j_)UJl aJLajJIj ^_L*Jl ^j_p oLa ^ jJl ^_al j^a j-JlS” ^3 j_>- jJ 

j-JLaj ^>-LLa yS j .jj jjc ] I £_aUsa l ^ ■ ta *C j a. ^lIg">La l g ■/? «-j C-o-b>cj ^ 

LaIJwL>-j j_aaJL) ^J-a Las ^9j .^-LoJl ^j-as aUa. - a? A ^lXp*c_aj 

.oJjli ^iSl 

www.nanotechbook.com < http:// : NanotechBook i^Ul 5Jl_5xl I a— >1^5 
^Jlp j_a j ^Jj_<Jl .www.nanotechbook.com> 

oU a. a, >h5sJl y ^\j l£ oJ~>- £_sl 

■ ia jjUl 4_alJhJl ^y 1 ^9 4_ajl>- oLdaLia 

.www.smalltimes.com <http://www.smalltimes.com> io^JwaJl j-«->lj 
aL^SC-aLSC-aa J jJL^sJNI 4_^*a J 1 g S' ^Lp ^CaCCA^I J_Sj_J jCja-'ill j -1 y>*sS £-9 J-aa 

Small Cwj l . a? a 1 j_Aj -<a j-ahJl CaljjjJlj a. 4_aj j_S2oJl C>Laa ^ ]j 1 .pjl J a. 4_)J j_SCaJl 

. Times Stock Index 


www.sciam.com/nanotech < http:// : OjJLJl jlS^-d dL-aL^aL- illiJ 
*jUl 

.4i>-UJl C^JmJl J^UI jL>- 'i/ ojLo^Jl jiUa^Jl y Scientific American 

www.nano.gov <http://www. lijjJUJl 5JL1 jlJlJ iL-aa jJL J l oj.sL_<iJI 
auS'j-waahll 4j^C*o^ll Cas I U jj <LJ Ca.^-/ o J&j ^J«p ^ y>^j . nano.gov > 


£-9 


IJl* 


, www.sciam.com/nanotech > 


au5j~a*yi ^ jT*Jl 4_C^oJ 
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.OwLj>cJl j^Ls^Jl y 2-*-) ^IpJ tAjjjLJl AjlJcdl cl)Lio 


www.nanotechbulletin.com <http://www. :a_>j_JLjJI a_JLLjlJI Oj^LJ 
aJL*Jl £4 cj'^KAIa ^Jlp IJla . nanotechbulletin.com > 

y <k\ y > cJl aJjJL La ^LoJCw^'yi ^3 jj <1ZS I 3 I .AjjjLJI AjUcJI y ^Jj>cJlj 

.iwLj>- ijwLv2>* (J-^d ^ j-o-Jl ^-La <l)ls (. A^L^aJl o Aa 

www.nanobusiness.com <http://www. :a_jj_JLjJI JL*— 

L-LLlj JUpVI ^.LLo dhJj'y Ju>- jwU^j . nanobusiness.com > 

Ol3 ol oL^L<Jl <3 wL-j>- ^3 j_a LL_> 1 jA J •JjLll A_pl_Lv^ ^3 

.ajjjLJI ajLJL aLJ| 

www.nanotech-now.com < http://www. nanotech- :j^\ LjJLJl LLLJl 

.ajjJLJI i)Uiil y i£ y\ £f\y* L^i ^1 • now.com > 

www.nanotechplanet.com <http://www. :a_>j_JLLI DLLlJI S ' yS 

c l J s. A aJ^j j-a j t j_>jL*J j» . nanotechplanet.com > 

j_aj . L$jj>- Lo-^_> a_L? 0 I 3 jLH j j-5CoJl jjLJI ^y y, <1)1 “'-LD 

.L^_v2j>o cjLL*jj>-bj 4 _j jjbJl ajLJL y?\s>- cLLa ^J-p LLj 1 ^y>zj 


4jLfli)L <Cgj^i.l S Jl I y*jjj 

JUl y^J CjIS" jZ* y* {^Z>- ^LxaI ^Lp ^1 js>ZZ*»> y ^ L AjjjLJI Aj LcJl CjIAj 
L a yj . o j_>JI y aSJLlJI 3 olS" jLJl y 3 -*-* j.*— ^L> ^ yrHJ ^ ^LLl 

l)Ll> cjU- jZjla y* d-oc-J ^Jl JUl yj I j ol5" ^*10 0 y2Zs>^a a^xS'V 
^yyZj y aJaCL? O-j 15" j 1 <. a_> jjL AjLaJ oL ^3 Cj jl c Aj jj LJ I AjLcJI 
A^j? jJl jl olS" j-jJl c5^ ‘CsS'jj Ap-cj tAJl oi^j 3 j+j2JU ± Jl ^vwJj .AjjjLJI AjLiJl 

j_x>»J L . 1 y* 4j>o*>lJl i)\ ry>j (. Laj^ I 4_oJl3 

• <uLo^Jl CjLpxJU^jJI ^yi Jo y* j yZ ^ 


AGTC Funds: www.agtcfunds.com 
Angstrom Partners: www.angstrompartners.com 
ARCH Venture Partners: www.archventure.com 
Ardesta: www.ardesta.com 

Ben Franklin Technology Partners: www.sep.benfranklin.org 
Bessemer Venture Partners: www.bvp.com 
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Capital Stage Nano: www.capitalstagenimo.comjen 

CW Group: eee.cwventures.com 

Draper Fisher Jurvetson: www.drapervc.com 

Evolution Capital: www.evolution-capital.com 

Galway Partners: www.galway.com 

Harris & Harris Group: www.hhgp.com 

Illinois Partners: www.illinoispartners.com 

Lux Capital: www.luxcapital.com 

McGovern Capital: www.mcgoverncapital.com 

Morgenthaler Ventures: www.morgenthaler.com 

Polaris Venture Partners: www.polarisventures.com 

Portage Ventures: www.portageventures.com 

Sevin Rosen Funds: www.sevinrosen.com 

Tribal Weave: www.tribalweave.com 

Venrock Associates: www.venrock.com 
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I jJj S *)! c 0 j_S\J l)I < djjlxjJl OwLg_> 3 j^2JL^]\ \ a! a>-^ta 

Ij_a ^_s L^_lp <Lo-L£sJl oJw<>_*jLs^ 1 a_s^L>cJI ^;U^J| ^.U o^ajJI 

J^Jb»J l^lg..~.7 (_5 j^- t i— ’IxSvJl 

LJu^aJl j>L~>- i yi ( _ 5 ^j ^LJ : (Electron Microscopy) jjJpJl 

Oj-j ./? S I 4_)j jJ p j ./? S' ^j_P j_P CjljjjJL^sJ^y I la I' j 


tyr cr* 


jUs>j— Jl 




C-^' J 


: (Metastasis) JL>t.a.l^l 

■A' A (’-"■A a* 


( j^j JULu^/L >cJ ! (Finite State Machine) oVl^«Jl o^jJU>s-a ill 

aJJIaI .(iJU&^M Js-\ ^lajl) JpI j-5Jl y* AP L5ij O^/UJl aJ-*^L-*< 

^jjUaJl) wL*^2^iJ j J5 - JioJ . j_*_s/2_oj I jLgJ>- O^/ L>cJl OjJj>c-s iJNl 

c aJL>- 

. Jliol *ApI ^ Jp ^-^L<>^^»vvwoJ 


ijL-^ 5" ^Jl wL^yg^J' aJLj jl? y> j3j (. aJL>- (^cJj. . J^jLlaJl 


aJllSj oJ_^Ij a>JL^ aj L> s-*i dJJcA_> Oj^ ^_1~^>- • (Electron) jj 

.Lo (1) JJ J jJl aIxS" ya 1 /20000 ^jLsJ 

^^Jlp X^JLxZ oLJ j • (Molecular Electronics) yJy'y>- oLJ j jJL$s- ll 

. aX<>_*JAJ jl ^j| 

pLJI ^ 0 jJL ^5jJ jl j-<J AjL^? : (Hydrophilic) *LoJJ cjLJI 

.(*lA^ J jj>t5") A.J Aj y\sJj 
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( _ 5 j&j t 1 yjS : (Nanotube) 

i > j-Ji Aj ^ j| j| A3 oUl j^Jl ^j\jLs^S JwU j ^jL^Jl 0 


o^LpLLxJI J^_oJ 


rj JupLaJ : (Enzyme) 

. Aj yJ>z} 1 ^j-*> lb>- V I ^3 AoUo~»5\Jl 


(. L>^\j>Jl y a! jj )& aJ k>- AujU! AO I (Microtubule) oj~Jl 

jl oljuJj>cJl ol P Ui_> AUL>J^> cJ| olSy> c -<Jl ^3 j 

. A»j»>C_j I ^yp*~ | 

oJbo UjJI o^Jw? aJ^>- ol J_^ j : (Oligonucleatide) JLJ yAS y ykA jl 

> 

. (( A*-UlJ )) ® jl» . I J5 ^lp £-Oj L/° 

Jwo-?<J j aIUUjJI jSVl ^ l$y>- y> aJJj>- AO ! (Prestin) ^JOjj 

. ‘LwlP ojlUM ^Jl O’ j>-vgJ 1 ^>o ^lp 

aIxS ' j o J j>-\ j <U>- y j aJL> ^_ g_S" Ab>tU> 0 ^-*~c>- • (Proton) <J yyy 

A_JL*_^ oj^ ol jj ^3 olJ yj jA\ ^J_P ^wL>o .^o>-jjwLgJl oj^ aJ_iS" ^j_P *^\^L3 ^JJLj 

■ OjjJl aIUU) (^jJl j-v/2b*Jl 


. A_0-U 


olu^-j l£ yy~ ^^S'yr • (Protein) yJj y 

y>^\ ^Jb*Jl a^JlAp jJl ^lJI oUJj jA\ 


.oUl 


£0 a1pL£> J OjLUuI J * J^gjl ^Jlp : (Optics) 


(*) 


Uj^aj 


ol jJ j->j j_owJ j-j ®JJj-^ * (Polymerization) Sj-oJU 

.0 Iz/'Jr o^LU ,j-« I Jj>- Oj^S olU Jj>- 


JJ ! (Nanoscale Biostructure) j^UL>Jl AjjJU Aj^-H 5 

.(tAb« aA>J| j|jj>-) y* jjUI jtJo ^3 oj^^Jl Lg-ol y- 


<— a.y? ((optics)) ‘L^J^Jl (( >JU> Ij j.+< 0.> )) L^ -Aj>tJA-u 1 (^) 

JOcLv-I gLi fiber optics Jl 4JL>- f-bi^L t ol j^^l y \-*jy j j~*\ jil j oL-oJL * j-s^aJJ 

. ( jJ. I ) Lg-bt y (( bo y-/? 1 1 o UVD) 
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: (Self Healing Structure) 4-^JlS i-JJ 

^ ^ l. ^ ^ w \ .S/? .N ] ' jl ^Jl j! ^>U 

• <uLjS^/l l^iLs- 

bjJcb^Jl L^jlj^-I Usl jj SiU : (inhomogeneous Structure) ILJLsiIjiM ILu 

.^Ju~Jl ou-jj^s/Ij ^LiLoJl ^/j.,11 oj^SvJl s-L-i'i/l j*J-~ » j_jj l^dul jjjj 

.(_$ jjbJl ^ oJ^o^Jl L^jLvlio £A> 4U : (Nanostructure) 4jjjU 4Uj 

^i)l LvVl LS ^i\ y° (jjl : (Logic Gate) 4 ■> 2 Is : a luljj 

4_j| jj IjLjtUjI CsL)l j_j j_LSij . 4-w<isJ jJl 4***! jsbJl /^JJ ^j_Ss_U) L*-J ^ ■/? 7 

jjLslj j-a Jjij NOT. ^_ibJl 4_tl y>j t OR 4_tl yj t AND ^-ULajJI 

George Boole. J jj ^jyr j* 4biku.il oUj-Jl 

( _ r <i— J L*_j 4 LjJj>- olJL^j Jaj ^ ./a i j-~ S • (Polymer) j^>_Jjj 

.UjJIj jJl cjI jJI 4iul y# .ol ^ jj jjs 

J_«Jjj 4_j^_<i_J j_i o^Lj : (Photorefractive Polymer) »j ..A 1 1 j_» US’ j_o_Jjj 

JI5Lil 4jb5"j oe-l ji I^JUoCjj-Lj ^jSbo-) .4.1a^-N 4j j.ji > 4jIsxUjL J.4jj sb j^SJl 

. Csba jJl*_JI 

( _ J L Jbbij *y jj : (Amorphous Polymers) (HUgJl j*jAp) jjJ-U^J y*-^y 

.(*)lU *_jI jS^I ^3 jjjJUjJjJl) j jJa ^3 4j>]a~U jJj t 4 j j jb 

4j jj>_J jj is jJ>- jjj 4j^5bi : (Cross-Linked Polymer) JibLiu ol y-^y 

. ojbxj ls.>- Jajj J.<kJ*J boLjk-b” Jajljj Csb 

£-1 j_j| j-Z - Si '. (Field Effect Transistor) ^-La-sJl J j_ «_ a_o— il jj_u^j_ilj_J 

A . /S 3 ) 4jI jj (._$ jUj .b)J jbbkJl ^jl jJi Jl ^3 NLoj*JU| ol j jUjJjI _yj| 

IJl>* q j: * .,/g ll oL>-l^>Jl jj : (Ultrafiltration) ^JL> jJ 

t |j-& *(^JJ j5voJl) 
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AjjJUI oL>2-~o>Jl y \ (Nanofiltration) ^y^ J* 
aJU^ oULjJI L^j J y^J ^yJl ojj^wwJl [(Photosynthesis) yyP uJ " y 

. y jjj y olwL>-| j 1 ol^y>Jl <^S yS 43 Ll? jl a-oL^o^S* 4 SII 2 J c- j..y^Jl 

. LnJ jjlj 43 U 2 JI 3jl J-4 £^OJ>- L^J (_£ j_*J 1 4_L_^0 jJl J 

jl aJo^AJI ^^1)1 jUoCJ-d [ (Artificial Photosynthesis) y yP y 

jLj wLJ 5- j~v^ ^ I wijj-cJLw*' L yS\ -L_ 1 ojJ A-d^aJl aJL>cJI 0I3 

.4-0 yP ySS\ aJL Jp j*p.\ i C__— nS" jjJl .^L> 

t^jJLJl ^Jw 2 jJl ^j_p [ (Nanoscale Synthesis) ^jJli y 

. ^jjL Jl ^_L~*Jl ^3 

yy jJlx-« ^j^o £-oo>J y ^ I 4^o^jiJl 4 -Jlo-p [ (Entanglement) dLLSJ 

.‘LoU*-! 4 j yS 4JosL*-a Lo-^jd-a l*os ^5s-oo C-~^>o y«\*p a'«A 


JL»_*jl-^I [ (Computer Aided Design CAD) 


*<L>s-JI o-LpI^w^— i 


y» L& j^J ^-^*<1 y>d\j oMljJl 4-o y*\j>- olj^lj oU-ajjl y- 

.4-oLiJl <1j\ yy>zs]\ 


.i^Ul 


^y*pj [(Nanofabrication) gjl*p~ 


LyUl LS y\ *Lo [ (Bottom-Up Nanofabrication) y y^p £ji * *<* " 

. cjIo^>cJ I j) OljUl J~3 5 ^J<w 3 CJ L jSv -00 plwXiol 

ojj^-wo [ (Top Down Nano fabrication) ^ jy ^ y Li ^J^aJ 

4^^_J[> l^ol . 4j jJJa-oJl 4-JwJl (J j-o? jJl ^[o>- C- 0 >cJo 0 ^-^5" 4-Jo ya *|jJol 4_>joLJl 

Jlloj CJ^>sO loJwLJp t jJo>ol ^J«SLj La (jj (J UL .^j-o j-x>wwwvJ| ^ol 4 _pLw2oJ C-0>sjJlj 
.3 jIw\j 4 J 4 I- 0 ? La y 3 y* Ijj 

A-iLla-a ^y [ (Magnetic Resonance Imaging) yJ yysS 

y» £_L>lo 2 -a jj yP^S ^Jo>-xJ^oj .4jl^a 4 jj3 ^ 5y>-j cJ ^-^JgJ.^>Jl ^j-o jJl 

.4jl^-a 4 j ^ o>- ^o jl ^_*^0>cJl 
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a^Lw*I *Jujb [ (Molecular Recognition) *yj> 
<r^y>^j <d^j aJL jJaj ^Lp o jJ-lJL cjLL)^>cJI wL>-I 


j! >1 

.iJliJl ^ jjUl j*1p J.-Ia'i : (Nanotechnology) Aj^li AjIaJ 


ybj ^ 


a* 


; jL yj j5nj ! (Crystal Growth) ol jjL 


(j j& j c j_>cJl 1 jpli j 0 j-Snj I ^yo jJl ya *{\y 

L cjLoJ>cJlj 0 J*[>\j>tJ| cjl [S J* dlAj t j^L^J (J ya oLJl 

. 4 j jjljJl Aj L iJ I CjLo-^ ya 


<=Lolj (J jJL>cJl 




aJL jb \ (Electrophoresis) 


I »^»A I ^ l— Ow^«»v.^*C_l 1 y>cJ l»0 Lj ^ S’ A-J ^ L»s-^~ I ^ ^ A-P 

I jJj c ajJL*JI ol) cJ wL*_oj cjLA»*JI ^jL j-w>c.^x II 
Ojli l^-yg-xj ^p olA tf 1 L)Lp 

JajjJiJl ^ jU Uajl *Jlp ^ j-A [(Hybridization) 

T. _j A jl C _> G Aaj^j ^jJl ^t-oJioJl jJL (Jj'i/l 

t^Ju>c_^Jl ^iljjJl c_ja_^ 3 jJ ojLoJl [(Bioavailability) ji \ jJ 

. ^-^Vp '•— - , ^3^ -? ^ Cx^° * I J Aj t (J l~J 1 6 j-~S” Aj J-^*" Aj j^S” y^/2 

JJL A^JaJ LgJtLaj t j! ^ aLw^I ^ L>- ol^ La j^iLa [ (Bistable)ji I 

. >-j Jj>- 1 Jl£- yC^. J AjJxa 

> _ » > 

(1) j Jb>«Jo a^Ju [ (Light Emitting Diod) p j^aJU 

olj^ ^ >cJl )1 o j_A tj j_>tJ .Is- jw? A ^ aJL>- 

. o l -^ 3 

ob->j4" ^ 5 ^ c jJJ (^ ji*-l [ (Macromolecule) 

** > 

.OljjJl ( jZS \ j\ k 3 jJl) ^j-^ 5 *> flJ Lo Aj^U-I 

j] ^pLwJI jL^_>Jl I^xHj oLlJj y [ (Antibody) ^Uia-o 

.Av? jxwoJl ^jw«l j^Jl 
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j LSj j I oijLi j! Sji ^Jie- tLo^Jl ^ JjJ : (Species) 

( _ 5 Jlp j_w«_v3 '■ (Siderophore) (j j-SjjJ— 0 J^aL>- 

( ]gd"lj jl) JjsxJo (jl yS2o-> 4 jj ji J b^ 

. 4)Hx-a LiJxa 3jl j_J0 

<upU^J ol jjjy^ j LS jJl Jlo-*CUal ! (DNA Computing) UjJL iw<^> 

.4-0 j^)\s>~ JjIws 


j^S 3J-P ^^JlP j»jJL ^ jLjo ‘ (Swarm Computing) <L*j <L~ ln 

Cj L>J I ^j-a 1 3J_*Jl ^j«a ^ wL> 4_i2-^*^Jl Cj L> cJ 1 ^jos ( <. > j-^) \>Xs>- 

Jp2->c_> 1)1 ^j-Soooj t A^^L^I ^Lg-a 4-*-yg-o ^ ^JL*-a ^J-SU • o~L2_*-^Jl 

oJJL*-a ^-*•'•^1 oL-ojjl Lai .^UajJl jJg-yg 1 ciLta <1)1 l)j3 

. 43 Li?*- 1 JLj^-1 J j-w*>L>cJl j. 0 ji 4 j 3 jwb-oA ^j-a fOLL^'V L j 

.4-o^Jl 4~la ^>Jl jJall • (Amorphous Computing) A^Jl IUoJip L«j> 


J^ 2 ^>o aJ-JLLwvoj a_>jj ' (Pervasive Computing) io^P 
C-i-i^L^-aj ^colis-oJl d)l jilj opI J->^ 1 <J La 3 1 J^-a CoLwtJl 4j>-jl ^3 j^UJl 

.oLL> j?h~<d\ 


{ j J ?\ ji-Jl ^Jip (=* j-aJ 4~la ^>- aJL ^ 1? ! (Quantum Computing) <L-a y>£ 4^ 

. 4^-<^3 ^Jl <U-w»f^>cJl L jj& jS>- oo2_Lo>c-a ^2>o ^Jp ^ O-iLoJJ 4^J>- _^*^1 4-wJv> 

ooDLo ^iJLjl AjjoU jl Aj j jiCa A-oC^i? o^lki ! (Liposome) JJD aJL* 2 j^>- 
^j-Sv-ooj .4-0 La ol JJ o_i_L*o ^)Jl Ajj J jjj 1 ^ 1 jl ^ Jj>c_*zjl ^a olJLJ^ ^-a 
. 4 jj- 0>~ jl 4jH*-a CjUoJ^>cJ Aj J^J A^stp j-o»J LgJ L o-*JLw*i 1 

J w^Jo jp J^oLa La 1 A-J ^-S" ilJl^- ! (Graetzel Cell) SjJb>- 

^a ^^^jLJI ^^»oL^»>»Jl wX^^vkS” 1 L^i J wojcuJj tlj—oj— Michael Graetzel 
JaiL-Jl p- j.,<i\\ ys jLJ cJ 4j ji-p <b j ■ P o^G 

p j ygJl (tills J y>J ioCw^s jlj:< ! (Photovoltaic Cell) ybs ^A^*- 

. ^l-slj p 4»/?> <u^j ^ yj .^-oh ^ill 3 
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yj ^L-x-yaJl Jao^Jl ! (Hydrogen Bond) Jla SJaJj 

^3 L^sISsj bgo Ja^J oj^ c *^bos c Jaj jJ ^^>-jjwLA olj^ o obo^p>cJl 
.A*ob ^ ji Ala_^l jj cjIaJ 5 I j^>o ^1 p ^p Jp J bgo ^p bo ^ ^p>-l ^-o^c^vi"! oj.5 

. IjjJlj ob-Jj j^Jlj *Ul ^LJwJ A^o-A^l AiJb Jajlj jJl oj 

aJ y* aJ ^S ba bibolSwj aL>-Ijj^j 4^jy>- <u^> ! (Rotaxane) <jLw%*5*lojj 

.^|5 s-JL]| AbLb>- A^o ^3 J ( Jiw> 

jl ^ J— ^-LygJ <L«bp a^Ss^wsI ^-^*< <oba ! (Zeolite) d^-J^oj 

o3-^c_j ^ o l— «_-o>— J I Ao ^ la « 1 ^ I b*,^ 0 I w\^^»^fcS” I 

.AjjjbJl .ilj-oJl ^y* |jj>- Aj jXjs 4P j^>u3 ^-v2j t A_oL^^5^]| Cj *!) lp lilJ 1 


JjLJI a_s^L>- t ^ jJLJl 


: (Nanowire) 1J dJUL** 

,*L j^SbU 


.^j jJU 100 j 1 yj Lo oL-LLjl ^-Lb> ! (Nanoscale) ^jbJl j*JLb 

^^Jlp j-oJI jl JJl j-wJl JJLj aJl^p ! (Microfluidics) Aoj oLJLjI y» 

.ob j jiboJb ^jLpj bg_*JajL« jwbL obi (J jJa 

aS” £ jlj-<Jl j\ Jbl j^JI JJjJ ojj^w- : (Nanofluidics) Aj^jU 

.^j-obLoJl ^ jjlj ^ylsi j^Jl Lg-xJgj2>3 oLi ^-P 

.Ulp Jlp ^ yC i^li AjjI y- <obo ! (Ceramic) dJLp*!^. 

y. a +& \ \ (Complementary Metal Oxide Semiconductor (CMOS)) y y 


JL^MI A_*o bb> Ao bL Sjbj>Mi A^_lbbj| wL^S'l y<±Sj* 

. Ao^ ^Jl j ^^-LwvJl ^a> AP- bw^a ^3 

.bob <l)b y>c^La ^(Sj^ • (l° n ) 

( jj£j (^jjbJl j^jl ys^) ^\ y y>' irtj& : (Lithography) ap LJ a 

•c Ji br° 

> 

iiL jJa : (Nanosphere Lift Off Lithography) AjjJLJI ol jSii\ ^A^iL; ^pLJs 
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> > 

l ^r_]g *ai ^_Lp J5Lj: j_$LJ 4_>^_jIJ ^S" Lg— 9 ^ j_j L l*/2_> 

JLJI £-w*s? ^ *Lul ^Ja_^vJl JjJ^LLa ^J-P LjJ_x_! ^-la-wvJl 1 j_A 

Lp^jLoJl c_3 4j>- jJ 4_>j_>L 4j>s_^*J ^Aj . (^jL>e_> j j_L 4 _>^jLJ| O^Lo-U 

. ^»c-JL iJ1j1jLwai^[ 1 jJ 


£j.*+ 0 ~) SJL ! (Electron Beam Lithography) 4-J j 3 ^>Jj>cJIj ^LpLJ? 

(^Uaj ^i>P t ^^i_P j^LJ ^-°J ^^j>«JI ^Jl^-xJL*%u 

.L*-w*> ya 0 y^ Ij 


+ 0 1 LpL-L Laj : (Micro Imprint Lithography) j^5\JL JujjSLo ipLJ? 

(^_*^>1j (jL L -j ^_Lp ^j-*» I 

.aJjJ <oLa 


A-jj-jlJ jMlj cJ-s^Vl y* <L>jj_£La) 


^a oIp 


^j«a ^jj (J Lo-*jLw*> L 


Jwo-^cuJ Ajjj Jb \ (Dip Pen Lithography) jJ^UJl jtJLllL 4 j^jL ipLk 

y3 y+h, X-J (^jJl LtfJl J_La lA^oJl <Ly>- yA J-O-XJ 


La , ^>i ■-* , >-a! J 

La <LJL>J_>- (jLa-*JAaL ^jJa— Jl *-> jjL; 0 


^-LLi-aJl Jgl ]g oJl LgjJ-La) b*> aLj-^SLil JJLJ ^ ioLa : (insulator) JjLfr 

.(ijS'o*^' i)M~abU 

.<W9 _y> cfijjj jL~Aj <Lj Js- oila : (Antigen) yfi y *. a 

t i_jU5L!I IJla LsJ j_a <ui Jaa-*-j ( _ r <jLP La jLJ : (Nanoscience) jjLJl j^JLp 

. i ^ y LJ ' r L.J ' ^ —3 ^.».».*>..1^J 1 aL /? j j« .a j -i — c— L ' ^ ^ j l ^ ■* * 9 

CjUI j^>J| yi-x-ij L*j jjjJ 4^jl_waw3’ oiLa ! (Pheromone) 

jl a lj_>cjl aL-U^ 4_LLal ^j-^J c Lj J-L^ a ^3 yyj 

• jJs>L>c_<Jl ^jjj <U^jJl 

J^™a ( _ 5 Jlp .1^.3 j*_SL>t^<Jl dJLLlJl LJlJI : (Decoherence) dJL»aL»jJl dJj 
(L^a j^SsJl 4^a ^>cJl CjLa jA^>J I ya tjLSsjLjL^a o'^LxlsJ A J l" LaJ-^>- t (JllaJl 

. aL 1 ) ' As La-^-5L-aLaj L)j (J La_> c La-^Ao j^JaJl ^l - . ^? .' 
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I a_L>^2L)I JjJLaJI ! (Ohm’s Law) jjJli 

jLJl o JlSj cl) 1 ^^1 _p yzyj ^-L»-*> ^3 *ujIj cjljlbJl 

. jULoJl ^J-P La j-^J2>s a^>JI 

! ioL^-g-SsJl o jiJJ jjjliJl : (Coulomb’s Law) jJlS 

. ^Lv^LaJl AiL^Jl L^SsPj L^_*1^3 ^a \s yZis>^*t yj o y)}\ 

tJGjJl jl JSCJLS” JO oli a_>jJLj A-bj ! (Nanorod) ^jjU c ^yai 

* > * 

.1 jZS La j^S"! LgJ t^xLioJl jjLj La J 23 

<o j-bm iil oUJlxJI ^ ap y^j. j ! (Transition Rules) JULo^l JlpI 
(*}LLa Jv?j jl Js^5 aJL>-) a_L1*^s aJL>- ya cJLio^yij O j^L>Jl ^-^j) L>cJl 

.((^jJbjJl Jab-v^ (jLio'^/l bp I j3 A^Lal ya .y y>- \ A_j L>- 

jLJl J^ibJ j s-L^SsJl ^ c^bJi ^Ji*Jl • (Electrochemistry) *lwo^ 

y ^Jwv^jj 4-ygjaJ L ^JJaJl *LjL^^ 5" j^SLJl CjIjj aIl^I .^$L; 

^ ^JL*Jl £j-wJL!l JuXJ* j~£ *{£}>- • (Cholestrol) Jj j-5* 

.a-LoJl ya jjJIj j-Aj c(l)LwvO^[ 1 (_£bJ J^sbJlj wL5LJl aIxS” ya I j^S la- y>- JLoj) 

yu ^-j^ya 4_kj|j ^_Lp yy^j l Sy^ 2 -^ • (Quinon) 

y-> ^y aAjIS L^-i-y^ jj a^sLa olJ^Jo^SsJlj . i /^jsT L ^5"'yij L) 

• ^y 9 I I *»- .i *■* 5 ' ' 

.<u>j ^LS sJl <u-w*> ^>«Jl ^3 oLa o Jj>- j " (Qbit) 

) V O 4_>^_>lJ <>4 j 1 oLbjjJ- : (Luminescent Tag) ajJ*}\jL 4 S-L^aJ 

.L^j y^z\j y] 1 ^ <2j j-^bJ J^c-wJ j t L^J?-L^ , | (^j-*^ 5 

^j-o L a ^Jp ^ y*-^ ^LlJl olbj^>- ! (Rodcoil) 

^>5 j ^-£-> ^j2bJw« lj^ ^-w*»L>- J5s_bi ^-oJl clbljbJl *^_3 J <1j\JLa 

.0 1 jJa-^1 J Aj ^3 LJI^ ^o^>eJo .^UJl 


C Aj 


j^w>J| AbJl JpLio o^U : (Bio-Inert Materials) aJL>L>- o^U 
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oL-ULjl ob oU j£L < Jl o^Jjua A-Ju : (Nanocomposite) 4 jjjU ZS y <bU 
.AjjJi? AjjJ AjjjbJl 0jjj5CJl c_^-olJI L^jdi>sl ^yj 

AjjJU <oU l^-si j ! (Encapsulated Nanomaterial) SiJjua 4 j^jU <bU 

.^y>-jli>- f-lJLp j\ f-UaJo AaJJco 

<JlpLaJ J"* ^^S'yr • (Suicide Inhibitor) 

o j_43 j_Ia_j! . (l-^A-^j jj>cJLL> *b_*j>tj) *bl ^y 4_A3 j3j Ja-J jJ oLo 

.8 ^Jwygjll 1 ^9 

.oL^SLJl jj ; (Polysaccharides) oL^iwlI 


^Li oj_^-l J-o-sCL^J obi ! (Scanning Probe) 

*LJu ^j-o ibLldl CjI ^ ollll ^1_P wLo-1*j t ^J-P i^Ul 

.^JL*j jl t. 9 j-wn ^Ja-wJl ^1 p <ljJI j 

^Jl Jlg_>- ^ ! (Light Harvesting Complex) * ^aJl 

^Jl-3 (^J>C^I>S <\^jy>- L>- ( J^Sw> ^1 p) <Lo J.yg.)l AillaJl .Jg-Aldj 

.JtyJsS\ A-~S __^Jl jlf>- J-ow=> (_£ jS-l ^ Ifil-ji 

■ y>\j ip japw ^Jajl : (Tail Group) Jji \s-ysya 
iL jJaJl ^ 2 j*j <Uj ^ ! (Head Group) y\j 4P ^oPs-° 

-Jd^ I <_S-W Wc 3 

tj jj jJl tjl ^j-P- ^ *• ^9 1 Jpt^J j}\ O Ip i tj jjL^aJl 

• j^Pc-XJlj OjjJl ^9 J“>l>cj'yi iw~™J s-LoJl ojjiJl 

jLgp- • (Atomic Force Microscope) ijjJUl o jpJl 

. *l2p (_gj j^kP ]g «■>* ^j-P“ (-5^ ^JpLjJl o jxJl 

ji j-^-p=p ■ (Magnetic Force Microscope) i. ... . la*. « o ll ojpJI 

ya aS yx}\ oj_A ^5” 2\*J> 0 4^3 

■ 4..M.lg*.x-ttJl OjpJl ( j^>Li 

Jjl : (Scanning Tunneling Microscope) (_jAaJI j&y* 
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r LJl ^3 j . Binnig and Rohrer jjjjj <lpjJJ>-I jlS j 

.LoL ^_S” ^3lJ ^-1 2-*^ J ^_~aLa ^Ij LJLsj ^oo jjSCJ^M ^-AJLSnjj ^ ^jUI 

*>LJl3 jS\ ULw*“l ) oJJL*-a AjjjLj iju ! (Molecular Motor) xj> 

4^$ColSwJ ^5" j_>- ^Jl 4_oL^Ow^5\Jl aJLUJI ^Jo ^j>eJ ^Ap (ajjoLJI <ulJI 

• 4j^»s^cJl 4»«^«J I 

jl O^UuxuxJI 4-Jo ! (Biosensor) 

, 4 j y>~ <lJ \^y>- (JLq»xJLw«j 1 ^Jp ^ jJL 


c 0 j j ^Jj * ll oJ_Ji< ^L-aJ oJ^_pxj oLp jJ*> ! (Photosensor) ^ 

^j-o olJj jl-Lo? L j j 0 ^_w_S" oL-aULa ol^ I jLjjjjl oLlo>to<>Jl 0 j_& ^j_S"l j 

,J_£ jl jJaJl oMU- ^3 JLpUa<J| op I oLwso^j ^j jaj . Lo jjU-o 


;j4^ 




>3 ! (Colorimetric Sensor) jJ ^Li 

jJl ^Hp <3jy ^ Ja^Jl JluJl j . aJJpx^J I oUl 


ap^vo Jwo 2 a>o ^yLo^SGl JpliJl Jo<->J <oU ‘ (Catalyst) JpL£> ^i^a 

4P^o ' AP^^*»nO i». 1 - - — ■ 4_x ^ ,- lp I t t_J L*o>«J I ^| — w— ^ ^ pi-P 

. JplilU ljj£>c-a 4_*_la3 IdJj t ^JoL-x *La ^3 

0 ^ y>-j l^>u jLp jl J j_L>c_>j ^3 { j^^r • (Analyte) 5JLL>c-o 

jl 0 yS y Ju -X^xJ j 


^jl j-^Jl L^AJJI J-^oCLvvo j-Jw? j-t • (Chaperone) jjJLa 

C olp ^jwLoJl 4o ^jJL La v flJUo ^L^vJ I-L&) j->“^ jlSCa ^j-a 4 -OwL*-oJ| 


CjI jLil J^>_>cj i_$ j ~A g- • (Neurotransmitter) ^ ■ - rj P J— j^i 

■^' ^ l / 1 

.oiUJlj ^LuJi^l ^ JiLuJl jJ«- : (Spectroscopy) ijLk^ 

.LjjJL i>Jl*Jl f-ljj! ^ : (Gene Therapy) <Lo>- i>Jl*^ 


217 


{jj* iOJ Si j 1 JUa aJL Jb \ (Photodynamic Therapy) aJJIlo aJ JJ l*-a 

jl jJLS” J^Li} ( j» Aj (jL>-*JOl ^J-P ^-***^J (■ (jU^ j-wvJl IgO J ^0^1 

.^JO /^_«j>g_w^ 5" 1 ol_iL>^J>- ^J| jl Ojl ^>- ^J| * jw^Jl AilJa Jj j_>cjJ AjjjLj 

• j» Jjjl J 


oOOJo 


J^~ JJ aJL Jb ! (DNA Molecule Therapy) UjJl J>sj JJ Ajl>ca 

aJj>cJ| ^y*~ ^W 3 j-o~oJl J-al j^Jl Ui OOj <L~j>- aJj>cJI ^J| IjjJl oIjjj>- LgO 

.(.JloJl J^*>> ^Jp C Aj Lyfl-oJ I 

JJ JJcJ o^jfcLt : (Giant Magneto Resistance) aS*>Lo-p a « ^ : la : * a a^j jLLa 
oal JLU Alii J^*JOJ . JJlP ^^%wJg.O-a JJL>- 4-J^ oiLoJ I AajULa 

.aJL>J| c— > j-w*«L>Jl Jl ji ^J 

J ol jU)/l J aJj : (Neuro Electric Interface) J j JCJ| ^wiP J&La 

.a^j>-jL>cJi a^jj_^*»u>cJi oi j <0 v2^ji oU'yi Cxi ^ 

JloJl Jlp oUJU^Jl ^ya a_LwJl-w- Jl olJLJl JUJ ! (Pipelining) oi jl y> 
c dJJl ji I j5\jkj c JLjI j^/ 2 oJl J| 40 ^ Jo la oLo- j^g^p JS” J*1 p ^c, y>*j o-^>cj 
.A jilOca 4_*Jg3 ^OwoJl J| AO aL>- ^a JS” ^J oljJ ^jjl Jjo^ll Jag- jl J- ^J-^ 

jJI Ju JcJ L*-a Ja-J J o olSJJ>- 0-1 j ! (Monomer) j«a 

.d-j| ^-Jl (_5*^ 

JjLSwJl i3 jJuJl o J lp : (Quantum Mechanics) JjLJl^-a 

J-&J . OU jJj ^Jlj oU J ^JLS sJ J Jo ^a ^Jl AjjjJl Ojij AjjJJ I O L<>wwl^>c_lJ 

.(jLvA>cJl 0jO-j aJ-wJI o J" ^-a Jolxlj (_^^l (^it*Jl cii-olSw>JJ 

I JaJ JaOo ’ (Molecular Conductor) JiU 

jJI aJliS” ji j JLjjOl AO>.jJl j^Jlp j ji • (Neutron) jj jJ 

. L*-a ^jjw\j>tO l)j j5G|j cl) Jj ^a (j jCa AjI jLlpI . O jjj I a1x 5" *}Cl3 

JaJLw<* j oJ-P J aJuLoo oULJI J*-J aJ_j J : (Mirroring) jl y> 

.A»J-vaJl j-*^L>sJl ^A?l Jl J-O A»^ij OJ* - 
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JU-jC-w-L dh aJL \ (Electroosmosis) 

( Jwo-*jLwu IjJj c 0 -jLj tj wL*_ow> c^LxI_*Jl ^jL j^S sJl 

.^jL O jl-9 .LgJlj AllxJl ^ a /? h \, 7 *y I ^j>o 

I (Micro Electro Mechanical Systems) a_>j j j*JaJ 

a^SCo ISC woJ I jl <l^5s-o ISs-^j ^Jl Ljj ol jLi^l <J a^j j£L* 

. A*j J J^5vj| 

CUjj) a-jJ N j f-LoJl o Si j-« ’ (Hydrophopic) *L*Jl jj_aJ 

.(*^> s t j»UaJl 

^-yxSij j\ jS J^-j> olS Ajj-jU <LjJ : (Quantum Dot) a 1 a2i 

oljj L-4 jJk5" 15" J ■J'—*' wLJJ Jj>- ^Jl 0 ^ W J-Aj 

.AjL Ao j-ygJl 

Jiw ol^ a_*^J L> d>3 oLj (j ^ ^_ jLj ! (Nanodot) Aj^JL) AJaAi 

.loji: jl 

oL^JJjj-Jl 4_pJL«_ij : (Protein Engineering) 

. 4^j L-o-^S(J 1 ‘L^sS* ^Jl jpl ^iaJli 


j! *yi t LoJb ^ i y>- y* Jlv» c 'lSJ-^' • (Histamin) j-^LL. 

■ OilvioJl <W5 Juol J_*jl ^ jJ>- ilijj 0^5 
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- <y.j* '■ 


microscopy 


molecular electronics 

Olo J 

nanoelectronics 


self-assembly 


Colorimetry 


spin 


entanglement 

cLLLtJ 

nanofabrication 


magnetic resonance imaging 

jJlj 

cryptography 


nano technology 

Aj^jU Ajl_fij 

electrophoresis 


bioavailability 

yip 

adenosine triphosphate ATP 


bulky 

r*^ 

swarm computing 

A-o A^*i 

amorphous computing 

A,<.«.^.1 i A_<*j-\_£- A_*«^o^j>- 

pervasive computing 

A_o»^x>»P A_wj 

quantum computing 

A^o 
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stock index 


code 

jUj 

imprint 

1l- 

nanoscale 


fluidics 


ion 

jLi 

charge 


net charge 


bottom up 


sphere lift off lithography 

ol Jl ^*^03 L) ApLl? 

e-beam lithography 

j apLI? 

imprint lithography 

cLLwJL ap 

dip pen lithography 

UJl p-LaJL ap L i? 

nano science 

jjUl ^Jip 

pheromone 


decoherence 

kiL-UJl Jli 

quantum 

A_LS" 

amorphous 

(ax^ji ^-»jp) 

plastic 

jjJ 

dashboard 

Ol j_oJ 1 j 0>l^l~L*Jl <L>- jJ) Aj>- jJ 

(o jjllaJl j\ 5 jL^Jl ^9 

automaton 


switch 

aJIJj c JIwUo 

transmission electron microscope 

(TEM) 

^LLJl 

sensor 

<Jr^ 
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allergen 


catalyst 

'jAS>^a 

spectroscopy 

A^Li 

size 


standardization 


pipeline 


resolution 


quantum mechanics 


nano 


top down 

Jjs 

electroosmosis 


quantum dot 

aJsjIj 

nanodot 

Aj jjU a] aa> 

nuclues 

ol JJ 

metastasize 

t jZZZj 
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JU*- 

♦♦ 

cJj 

♦♦ 

adenosine triphosphate ATP 


allergen 



amorphous 



amorphous computing 


1 J_P 

automaton 


CoJj^a 

bioavailability 



bottom up 



bulky 



catalyst 



charge 



code 


jUj 

colorimetry 



cryptography 



dashboard 


Ol *0- jJ) JjLJI <L>- jJ 
(o jjllaJl jl SjLJ! ^3 

decoherence 


ili 

dip pen lithography 



e-beam lithography 


4«o j 1 k^y>*}\j apLI? 

electroosmosis 



electrophoresis 
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entanglement 


fluidics 


imprint 

iJL. 

imprint lithography 

cLL-JLi 

ion 

jLi 

magnetic resonance imaging 


metastasize 


microscopy 


molecular electronics 

Jj>- ol oj 

nano 


nano science 

jjhJl 

nano technology 

Aj AjLaj 

nanodot 

Aj jjli a! SJ3 > 

nanoelectronics 

aj^jU 

nanofabrication 


nanoscale 


net charge 


nuclues 

ol JJ 

pervasive computing 

A^^Al ^J>- 

pheromone 


pipeline 

a j'>" 

plastic 

jaJ 

quantum 

aXS 

quantum computing 

A-^o A-waai^?*- 

quantum dot 

A_^a <\]aa > 
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quantum mechanics 

oil* ) 

resolution 

je* 

self-assembly 


sensor 


size 


spectroscopy 

<LsLJa^o 

sphere lift off lithography 

ol j5sJl L> apL 1 ? 

spin 


standardization 


stock index 


swarm computing 

4-o j*j. i 4-wwn jS>- 

switch 

<L]!~b (. (Jl-Los 

top down 

Jjy 

transmission electron microscope 

(TEM) 

3 L 4 JI j_gJ> C-4 
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a^>U- y tMarkRatner y\ j iijU 

cj I ^Jg ( J-o»P -4-*-«L>sJl ^3 Aj j_j I jJl AjlJcJl wLg_*~oJ .iijLJLa jjJ^aj 

^»Lp ^3 4 _^vw^*iLl> ^JJL>- j-&j t ^LJj J_p-cJ I olu j JL>^» ^3 AjL*j>- 

t 4 _>jjUl 2001 j>l*J Feynman jLoJ^i o^$L>- <u>^ ^Jl ^Slj tl974 

a-wo-oLS"^ 1^ (a-^S" a^w^ ^J sJl a^-LaJI a_*_^_oLS"! J5 ^3 i^ - y g -p t C_ ww *_>j 

AjlJcJlj f-Lwo-^SsJl ^3 ^j-olxS" Vi flJl j_1_*J|j (j j-XAJJ a^5" ^>3^1 

j-vgL>c-a y^J . A-woJ-P aJUL« 400 jZS\j C Lo-£j A»Lvg Ol^ A_»j_jljJl 

^3 a-wo-Lp ^3 aj j_j1jJI aJULJIj a_Jj j_>cJl oLJj ( y 

cLw^>-) 0 yj y a_*_>jL>- ^|^o-xJl ^3 0 5j-y>- 'jS jj aJI c ^L*Jl ?-L>*ul 

^ jLJl j o^jsJI aJlSG LS”jLJL>j I-L^o-p ^J^>»p^ olj^x5"w\Jl aj>-^3 ^J«p ^J-vgg* - 

I b y\^~ t ^Lp f- L*»o— I 

a_?ojL>“ B.A. oj^aJI y ojL>-^/l jj-*~3jjJl 

A. P. Sloan Foundation J J yjj y£}\ oLpLwaU JjL- y^ y* j 

a_S” ^JLJI j«2 jJ LoU l..yg..4 y&j . AAAS _Jlj a^S" j-wa'yi ^Lj^jjJI a_^*_^j>-j 
.ajjjUI AjliJl ^3 Avgyg>cJia (jLo ^xljj y**- 3 ^ y 3 c ideapoint 

aJUjJI JL>^s y A_Lj>Ul olS’jJtJl y jyy cDanRatner ^JJl j jta 
U^jwUj <*— oljj Driveitaway.com aSjJJI ( j^ c ^lJ ^ 2JjLl>sj ca^jJcuJI 

£_o ^3 A-yg_^_>iJLa jJl ^3 (jLo-pl A»S " ^_yj <• L^-wS ^wvjLiJl j~S j 

ww^lj ^3 c a 5 od_A ^3 a_Lo»p . 0 ^wa>Lw« ol jL^Jl 

^ oJJlj A-S'j-j. j ^^JUjJI j^S jLS'j ISP Wired Business aSjJ^ 

Snapdragon 5^J»Ul a5 y : JJ ^ .iw«J jJl cuj J g 

aJUJIj JU-p!AJ *£ y La^jJlo jlSj tTechnologies 
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CJ jJl ^ ^J-P oU j_L*_oJl C^L^>t_ol ^JL w*>!j ^JaJo 

2001 j»Lp ^ PhillyTech LL>^» 4 JjLJ>-I 

^3 4_*^Lo-kjl .Li-)3*!>L3 Ajlh^a ^3 Owb wb>Jl CjIS" j-JL) ' i^~^y y 

. Zeller Research Ltd Lolas' L-jc^> J^-p aXJ-UI olSjAil l _ r ™*L 


t d)jl jj j ^3 0 j-XtfJl 4 ^>-j 3 ^XjIj -U-wvJl 

4_S" j_CXJl OjLJ ^vui-J>c_>3 ^-yg—p J t l) J-X-*^< J_J J J_J L>- J_j jjlj L>t— « J_&J 

First Colonial National ^J^g-oJl ^jL2cl^<J| ^Ji j . Sittercity Inc 
L^- j-* t RMS Investment Corporation Bank 

^JLaxJI ^j-p ol I ^-X3 j . o j_j J_> cJl olS j-XJl LJ o jl jj L>- 

.0 jjjjj a^jL>- Kellog <Cw*ijwLa ^3 cJl^-p^lj ajjjLJI 
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o*j — ft 


-118 <60 < 57-56 : Lj^JI I 
160 c 1 19 

193 1 1 18 ! ji <1*2^1 

84 <22 : ^11)1 ^*>UI 
112 ; juio < 

132 c 130-129 : v l^l 

< 107 < 60 <47-44 c 39 : 

165-164 c 143 c 134 c 1 12 

84 1 79 liilkJl isliJl 

142-141 : ^ aJl AiUs isliJl 

<47 <44 <42-35 <.22 :oUj^)[l 
<81 <74-73 <62 <58 <51-49 
<148-147 <144 <112 <91-89 
195 <157 <151-150 

<142-141 <68 <13 

153-152 <150 

<50 <33 oLJj^lSLNI 


20 ! 

153 <74 ! jjJLj < (j-oj jil 

157 ! J C jjl 

; JiJl <>*' </^ <js^i 

107 

197 < 191 : i^Ul J^Sfl 

^5 iS j_L~2l oljil 

74 :^bJl 

59 < 53 ! 4j jjUJI ol 

55 <53 : I ^LS ol j.s! 

<120 <65 <48 <45 <39 iJsU-Tj^' 
<158 <133 <129 <123-122 

175 

16 ! Aj 

16 :1LSL*-£JI 
74 

119-118 : <4 ^>2 1 <^>2 


<157 <154 <124 <97-95 ill 

159 
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Ill : 


! ^ jj C l)Ij jJLajI 


72 : 




. I 


157 ! 0 jj& c i3jL> 
97 ! olbj c jL 
139 c 110 ! t 

68 ! 4 jj j-LJl o j jjl 

36 ! j ^Jl 
45 ! oIlJj jJl 


c 141 ! 4_> ^JaJl oLuj ^ xSsJ^M 

154 

31 — 30 ! j ^SLUl oLJj 

c 128 c33 :ojJLJl oLJjyLiCJ)/! 

200 t 152 

196 cl 10 c73 : ^Ul 

139 : J jj C l i^J I 

74 ! 4j jjUI 0 

1 68 1 50 ! 4_> (j 

154-153 c 141 1 74 t 72-71 


1 79 1 68 t 52 t 35 c 13 : oL^^aJl 
185 t 156 c 150 c 142-141 c 85 

69 : S^Jdl 

68 ! dSjy>z Jl oljjJJl 

68 ; 4jj jJl olj ji-Jl 

68 ; olj jJJl 

68 ; 4j jjbJl olj ji-Jl 

56 : i ji- <. 

tl 16 till 1 83 1 13 ^1 

134 

1 79 ! ^^wJl 

83 

c 71-70 1 66-64 1 50 : i^Ul ^Jl 
1 107 1 105-104 1 96-95 c 75 
1 143 1 134-133 1 116 c 1 13 

153 t 149 t 145 


1 98 1 96 1 74-72 : LjJUl t^uSfl 
t 159-158 t 154-153 t 1 10 
199 t 196-195 

73 ! - 

73 : ^y>\ j£-\ _ 

t49 1 17-16 1 12-11 
t 185-184 t 182 t 179 t90 

189 t 187 

c 112 — 111 1 108 1 93 : oL ^>j>n 
135 t 132 

1 110 1 74 1 72 t29 : Jil yJl 
-150 t 148 t 146-144 t 141 
153 t 151 
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124 1 115 J>yS\ 

95 : i$J ‘ 

69 ! cjI-Lo 


84 1 79 : aSLLJI 

158 — 157 ! (J jj 

107 ! <uj ^JLJI ^z^Sj 
107 ! ^ 

64 ! ^Jjy>z]\ jz]\ 


-142 1 104 1 86 v 


146 


137 . ^ -- — ' L^cJ ' j ^ *> . ^ ' L . 1 . /? . 1 ' 

137 . 1 ^ — 1 1 l . 1 • ) 

. ' ’ 2>2 1 0 — \-£- ^^jljJl -) . r- . '.1 1 


159 i 77-75 

.54-53 1 28-27 : ^jJLJl ^MaJl 
199 till 1 96-95 1 80 t65 

27 ■ I S ^ — T - I ^ j ^ J^j ijj I ^ ' j 1 

54 t27 : JjjJl l£ ^J waxll 

57 . ^ ^ .m * W * ^■^.. 1 i 2 ' — ■' j --- — ' ' — ■■ j - 1 

.70 1 49-47 1 35 : ^j^Jl tJ^Jl 
.120 1 117 1 107-105 1 81 

154 t 131 t 124 t 122 

.112-111 1 106 tlOl 

149 t 131 
38 

66 ; 4..]gall ioJbc^Jl o“>lpLiJl 

200 ; 2jj ^J l o L2J I 

.177 1 138 1 69 Jl iJli-Jl 

197 t 187-185 t 183-182 


t 101 ! ^>\ j^x}\ 2oLwaJl 4jjjljJl 

110 


159 1 155 1 141 :oULJl 
159 :52ikJl LljJl 
136-135 
16 : (Tjyr <• 

158 ; y>- t J jj 

1 69 t45 t43-42 : j-Jl-JI 

165 c 71 


154 t42 

1 74 1 69 1 44-42 t40 : 

137 1 124 1 107 1 80 

42 : 4L....11 ol jJl 

42 ! o-b-L^Jl CjI y ±. J 

44 ; cjI j^>-J j2l 

45 . 4 Ip . . r- 1 1 1 

81—80 ! C- 0 ol y ±. J 

42 ; oj ol jJl 


85 ! c Ij 
95 ! jJl ^jy>z}\ 

C 83 1 80 <. 70-65 

154 

39 — 38 ! djIjAJl 

81 ! e- j-ygJ L) ol^j>c-*xJl cilj y>zj 
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80 : Jj^\ jl ill 

! (oJj>sJLoJl ji\) 

157 1 153 <. 105 c68 c60 

227 ! *-i*cJl o^jL>- 

17 : jloJwi l y^ 

71 t 56 t 54-53 c 17 : SjsU- 

40 ; ^jLj 

66 t 40 ; dUJl e-(_jj j>- 

i 98 t47 t45 t 40-39 : oLl-j^JI 

122 

49 t 47 1 45 ; <u j^>cJl c~>\?jy>J)\ 
49 ! a 4j c~>\?jy>J)\ 
40 ! 0 Jl 

46—45 ! objjjJl 

143 t47 t42 : 5^^531 obj^Jl 

t 125 c 123 c 18 : 

198 c 196 c 175 

50 :j^JI 

25 

• Cy. ‘ 


-c- 

137 . 

1 137 c 120 .45 

182 

c 91 «. 88 : (DNA) UjJL 

200 1 159 1 157 c 120 c94 


c 88 — 86 ! (( 4 _>c_) ^A _p t L -JJL> 

173 c 125 c 121 
75 . i^cJ I 
105 c 68 ! ol jjUl 

68 ! ^ jjhJl |*-Lw*Jl ^3 cj! j jiJl A^ojJ 

88 : Jl 

69 : 0~r^' 
147 c 141 c 85 ■.'■yjA I jJjJ 
85 ! *-lj j_^SsJl ^ £ J) ./? S ' y 

50 :jLdl 


t 135 ! >jj oVl cj! > 

144-143 

— 147 t 85 ! c- j ./? U 4_*_J2oJl 0L2L2JI 
194 1 149 


-c- 


(. 17 ; (1-uJ j_a) 4-oLajJI 4_*-aL>- 

153 


! oL^l jJl) U 

158 t 107 


oL^ Jl) j L^U 
t 63-62 c 19 1 17 : (SJ_=^_*_ll 
t 97-96 c 83 c 81-80 t69 t66 
C 148 t 135 1 132 C 122 till 
189 t 161 
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38 ; o-bL>c^iJl cjIj^UI 
157-155 <. 152 1 141 : J\jM\ 

- J - 

14 ; ob «. 

14 : i]jU t j;\j 
157 : ob tcJJlj 
107 . jS (. 

45 : (RNA) U J\ 
44 (42 (40 : UjJ\ 
84 i 64 c 41 1 39 : LsL^I -MjJ' 

66 : JLgJ I -kjlj j]\ 

159 : oULbl; j jJl 

56 : L JJJJ 

22 : dL> t jS jj 

95 : iljl. t _bj 

- O* - 

95 i 83 iCL* 

158 ! jjl <• 

13 : jJuJl 

74 1 70 : (jjjJl (J-Jl 

1 29-28 (26 oL-liJl 

118-117 c 102 i 96 t51 (49 

61 (56 (49 (32 jJlJI 


159 (78 ; j^]\ 

78—77 ! !' jjsxJI 

( 94 ( 90—89 ; <Lwa j_>Jl 
200 d59 d57 

-c- 

84 (79 ; iillaJl oy>~ 
146 dl9 (86-84 

29 ! jjUJI Jl 
74 ! <Uvao*3' 4 -oL ^-^521 

40 (37 ; ioL_o_*S\Jl ( j J sl ji-Jl 
57 (30 (26 ! ioLJl I y>- 

_ i _ 

50 : ol jIjJI 
135 ! 

153 : 

(70-69 (47-45 (43 : (DNA) UjJI 
165 (122-120 

97 :dJU! (jj/tfLbjj 

82 : ^ 

_ i _ 

71 (51 (41-38 :oljJJl 
38 : iJLJl oljjJl 

38 . CjIjISI 
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182 : Abbott iSjJi 

CjI j ]l) Affymetrix a Sj Ji 

200 1 88 ! (oApxJUjJI 

: (oJL^JL<Jl oLjN jJl) Agilent <LSj_Ji 
200 1 180 i 173 t 88-87 

107 : Air Products Corporation aS ' jJ> 

183 : Amgen aS 
184 : Barnes and Noble aS jJj 

182 : Baxter aS^J, 
107 ! Dow Chemical Company aSjJi 
183 : Genentech iS’j-i 
182 : Glaxo aSj*S> 
159 :HP iS jJ, 

1 94 1 76 1 74 1 55 1 17 : IBM 
182 i 180 t 171 i 155 <. 153 

182 : Lilly iS 

182 1 1 80 : Merck aS jJ, 

oL'll jJl) Nanoink 

62 

182 : Pfizer aSjJ* 
1 82 : Pharmacia aSjJi 
88 : GeneChip As^jjJi 


-26 1 23-20 1 14 j^L-Jl 

i44 t40 c 38 <. 36 t30 t28 
-67 c 6 1 —60 c 58 1 56-54 t51 
1 85 <. 83 c 81-80 1 77-74 t 68 
C 101 1 98 1 96-94 C 91 c 89 
-111 C 108 1 106 C 104-103 

1 129-128 (.118-116 1 113 

c 157 1 153 (.150 c 148 c 139 
193 t 166 i 162 

70 l 53 . .ijLJLoj l 

87 ! ajj oLljl «Jl 

87 ! 4j jjUI oLIjI J l 

101 ! AoLO (. ^y\ 

75 <. 44-42 :ol5L.I^Jl 
132 ; c oLs 

- J 1 ~ 

122 1 97 <. 

t47 t45 1 37-36 : iJLJl ob^Jl 
144 c 85 

-49 t41-40 oL^LJl 

152 c 1 17 i 50 

1 47 1 38-36 oL^jUl 

145 


51 t40 c 38-37 c 35 : 

38 : iJLJl jjl j-iJl 
39 : iSjLL«Jl jjl j-iJl 


87 c76 : £zj \ yJl 

c 50 <. 32—30 ! a_i j I j— 2-Jl 

181 <. 89 i 77 <. 75-74 168 
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39—38 ; <u>- j^Jl ijl jLJl 


-t- 

105 . ^ jj^S' 

118 c 84 ! c y 
158 : Jj <. 

187 1 16 ; o j-J t ( j!j 

_ o _ 

80 ; ^J^SoL c 
122 ! c 2)13 

95 1 63 : LL j ‘■yj^ oli 
52 : 

30 : jJUl JUI 
166 1 61 1 54 : ijLijoj (jL^-i 

- <5 - 

76-75 1 50-49 c 35 (22 : >j\ 

<. 50—49 1 47 1 40 ; j j 1 j 5 j j_;La 

75 1 65 

1 62 1 60-59 c 32-3 1 ! jj — “ 2 >j — i Li 
i 153-152 t 150 t 98 (89 (66 
159 (.155 

32-31 :.k™ jjjli 

70 ! jjLI jiJl 
93-92 : jLoNl OpI y 
39 ; i_JiL>Ll s y 
95 . ' ■ — ' o L*. LijJ I 


- - 

136-135 d09 (68 (40 : >y>y^\ 

_ Js . 

147 d42 (95 (52 : l>Jy^\ iiUaJl 

147 ( 142 : ijjjJl iiUaJl 

(63 ! L jjbJl ol Jl ic-LlaJl 

122 

(63—62 iLjj^LsJNl ApLlaJl 

168 (95 

62 ; ^ jjLl ipLlajl 

60 ; j5LJl LLJLi L-LkJl 

60 : (_<; jjbJl jJuJl ^ it-LlaJl 

(95 (71 (62-61 : LjJLJl ULkJl 
184 d56 

—61 ! ^pLLJl j*-L-L L jjUI 2_pLlaJl 
156 (95 (71 (62 

184 ! SJbLj S ^JL (_JJaJl 

( 133 (62 (60 (58 : L>-j_*Jl 
160-159 

-L- 

132 (84-83 :yc^}\ 

(132-127 (120 (64 (47 : 

197 d82 d78 
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148 ! yJ y <• 

157 c 153 : J y cy/lSd 

4_j j_jldl dliS-dJ 4_wa Oj^l—woJl 

-18 c 16 oLVjJl) 
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